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ABSTRACT gu‘i7’7

The geophysical research satellite Injun III, containing
18 particle detectors, three auroral photometers, and a VIF
experiment, made possible the investigation of the integral
electron energy spectrum J (>Ee) (Ee = 10, 40, 100, 250 keV and
1.3 MeV). On four occasions during the months of January and
March, 1963, outfluxes from the outer zone at high latitudes were
observed to be predominantly electrons and of intensity J(Ee_>__ 10 keV)
..?,107/(:1112 sec sterad. Studies of the integral electron energy
spectrum during these intense periods and in the range 4 <L 512,
indicate that on several occasions the integral spectrum in the
range 10 SEeéhO keV does not rise as steeply toward lower energies
as does the spectrum in the range 40 <E, <100 keV. During these
occasions, the ratio of flux J(>10 keV) / J(>UO keV) typically
exhibited values between 2 and 20, whereas J(>U40 keV) / J(>100 keV)
was observed to lie between 5 and 500. It is suggested that a
maximum in the differential electron number-energy spectrum may

sometimes exist between 10 :éEe,s 4O kev. On occasions when aurorae

were also detected by the satellite's photometers, the spectrum
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2177
was seen to rise very steeply in the range 10.<.Eesho keV. Values
of J(>10 keV) / J(>40 keV) as high as 1000 were noted. The
spectra during any single event were seen to vary widely and rapid-
ly. An electron multiplier responding to electrons of Ee>>10 keV
was used in the determination of J(>10 keV). This detector is

described In detail.
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I. INTRODUCTION

Intense fluxes of low energy (1 keV £E_ <50 keV) electrons
ﬁave been directly observed both within the outer zone [Krasovskii
et al., 1961; O'Brien and laughlin, 1962; O'Brien, 1962b; O'Brien
et al., 1962b; Freeman, 1963] and within the northern auroral
regions [McIlwain, 1960; Davis et al., 1960; McDiarmid et al., 1961].
The presence of similar electron fluxes outside the earth's magneto-
sphere has also been reported by Gringauz et al. [1961] and by
Freeman [1963]. Measurements of the electron spectra within the
outer zone and outside the magnetosphere have frequently been
restricted to Ee?.,ho keV. These measurements have indicated that
the integral electron energy spectrum rises with no apparent limit
toward lower energies, and that the spectrum steepens during intense
events. The only measurement within the outer zone (known to this
author) which constitutes an indication that the energy spectrum of
electrons may not rise without limit is that of Cladis et al. [1961].
They report a determination of the energy spectrum by a rocket-borne
spectrometer in the inner edge of the outer zone during a single
traversal at ~ 1000 km altitude. The observation indicates that
& maximum in the differential electron energy distribution function
of electrons of energy Eez,SO keV may exist at Ee ~T0 keV. The L

value of this meassurement was L~2.l4.
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Measurements of electron spectra within visual aurorae, which
have been reported in the afore cited references, indicate that the
average energy of auroral electrons is generally between 5 and 20
keV. McIlwain [1960] observed a differential electron number-energy
distribution which displayed maxima at 7 and 11 keV during two
separate events. The other measurements utilized atmospheric ab-
sorption during rocket ascent and descent to obtain energy spectra.
These latter determinations displayed no apparent differential
maxima, but indicated generally soft spectra.

O'Brien et al. [1962a] have recently reported that large
outfluxes of electrons from the outer zone with intensities
J(Ee_all»o keV),f-..'.lO5 / cm® sec sterad may be observed frequently at
auroral latitudes. The source of these electrons is unknown, but
it appears certain that they can not be derived completely from
trapped fluxes observed at satellite altitudes [O'Brien, 1962a].
Among the possible sources (for these and other mechanisms, see
Kaufman [1963]) to be considered are (a) these electrons are
present throughout the magnetosphere with thermal energies and
may be accelerated to energies of a few tens of keV to be injected
into precipitating orbits, (b) these electrons are present as high
energy particles which are shortlived residents of the outer zone,
and which undergo energy degradation to eventually become precipi-

tated, or (c) these electrons are derived, with or without energy




modification, wholly from outside the magnetosphere, to be
temporarily trapped and later precipitated, or to execute less
than a single latitudinal oscillation and thus to be lost immedi-
ately. It would be desirable, therefore, to know the detailed
nature of the low energy electron fluxes and spectrs within the
outer zone during both quiet and disturbed periods. However, the
"exact fluxes of low energy particles are completely uncertain”
[O'Brien, 1963c].

It is the purpose of this research to investigate the
integral energy spectrum of electrons of Ee;:lo keV during intense
events at high latitudes utilizing instrumentation aboard the
Injun III satellite. An open-ended electron multiplier structure
for the detection of 10 keV electrons will be described. Four
periods of geomagnetic disturbance in the months of January and
March, 1963, during which high fluxes of electrons were observed
within the outer zone are selected for study. It will be shown
that on several occasions the differential electron distribution
function does display an apparent meximum in the range 10 keV<E eS
4O keV, but that the spectral form is highly variable both during

a s8ingle event and from one event to another.



II. DESCRIPTION OF THE SATELLITE

Injun III was designed to provide an integrated set of
detection apparatus to investigate the dynamics and structure of
the radiation zones and particularly the reletion of the outer
zone to the occurrence of certain high latitude phenomena such as
aurora, airglow, VLF emissions, and ionospheric disturbances. The
instrumentation includes 18 particle detectors, three auroral and
airglow photometers to measure light of 5577K oxygen line and the
39142 N, band, and & VLF receiver to analyze electromagnetic
emissions in the range of frequencies from 500 cps to T Keps.

The outputs of most detectors (except the VILF and the PN-Jjunction
proton detectors) are sampled at intervals of l/h second each

thus providing a time resolution corresponding to less than 2 kilo-
meters along the satellite trajectory. Esch such sample is uniquely
labeled by two on-board digital clocks, designated by the letters

A and B.

Batellite Injun III (1962 beta-tau) was launched December 13,
1962 into an elliptical orbit inclined at 70.4° to the geographic
equator. The initlal orbital parameters of significance in our
study are

Apogee altitude =~ 2785 km
Perigee altitude - 237 km
Period - 116 minutes




The eccentricity of the orbit, although not intended, is beneficial
in the respect that during each revolution, a profile of L space

to L values as high as ~ 50 may be obtained at high latitudes.

spiral about the magnetic field lines. The pitch angle between
the local B vector and the velocity vector of a given particle is
known as the pitch angle « of that particle, and the flux at
any given pitch angle is esgentiaslly independent of the azimuthal
angle gbout the field line. A permanent magnet installed in
Injun III orients the satellite with one axis parallel to the
local B vector. BEach of the particle detectors are oriented at
an angle © to this axis of alignment, and hence respond to
particles of a known pitch angle. © = Oo is defined as being
directed downward in the northern hemisphere. Orientation of the
satellite with respect to the local B vector may be determined
with two flux gate magnetometers which are oriented such that the
axis of sensitivity of each is directed at © = 900 and 130°
respectively. The first of these is therefore sensitive only to
the component of the local field perpendicular to the axis of
alignment. Thus, at perfect alignment, this determination is in-
dependent of the scalar value of local B. The second magnetometer
determines the component of B directed at an angle of 130° to the

axis of alignment. Therefore, 1f the scalar value of B at the



satellite is known, this magnetometer provides a measure of the
angle between the direction of B and the sensitive axis of the
magnetometer.

It is possible to obtain limited information regarding the
orientation of the satellite with respect to the sun from five
solar aspect sensors. These were designed to detect the presence
of the solar disc within the viewing cone of selected groups of
detectors. The location and angular fields of view [laughlin,
private communication] of these sensors are given in Table I.

A detailed description of the Injun IIY detector complement
has been given by O'Brien et al. [1963] which is summarized in
Table I. Figure 1 is a plan-view photo of the satellite illus-
trating the orientation of all detectors with respect to B. It
is pertinent at this point to review certain aspects of the
instrumentation in light of the goals of the present investigation.

The parameters of primary interest in this study of the
intense events at high latitudes are (a) the energy spectra of
both precipitated and trepped particles, (b) the angular distri-
bution of these particles about the local B vector, and (c) the
relation of these parameters to associated high latitude phenome-
non, specifically aurora, airglow, and VIF emissions. It will
also be of interest to note several features of the spatial and/or

temporal structure of the outer zone during such events.




The detectors of principal concern, tlen, are the 213 geiger
counters, the differential magnetic electron spectrometer, the

integral electron spectrometer, the DC scintillator, and the

be described In some detail in the following section; & brief
description of the others will be given here. We will also be
concerned with the qualitative response of the photometric and the
VIF apparatus, but need not for the present delve into the instru-~
mental aspects of these detectors. We will consider each a black
box which indicates the presence of the phenomenon they are designed

to detect.

A. Geiger Counters.

There are five of these detectors, designated by the letters
A - D, vhich utilize Anton type 213 geiger tubes. Geigers 213A
and 213C are thin-windowed (~1.2 mg/ cn’ mica) directional detectors
oriented at 90o and :L3Oo respectively to the local B vector. The
threshold for detection by direct penetration is ~40 keV for
electrons and ~500 keV for protons. The angular field of view

of each is ~26° in diameter, and the geometric factors are 0.6 x 1072

2 cm2 sterad respectively.

and 1.1 x 10~
The 213B is identical in all respects to 213A except that the

window thickness has been increased by an additional 45 mg/ om® of



aluminun and that the geometric factor 15 ~10™2 cm® gterad. The
corresponding threshold for electrons is 250 keV and 4 MeV for
protons.

The 213D is similar to 213A but 1s oriented at 180° to the
field, the angwlar field of view is 86° in diameter, and the geo-
metric factor is 5 X 10'2 c:m2 sterad. All geigers are shielded

by 3 g /cm2 of lead and stainless steel except over their apertures.

B. Differential Spectrometer.

This instrument, oriented at @ = 90°, utilizes two magnets
to focus electrons of energy 42 <E, <53 keV and 83 éEes_98 keV into
two type 213 geiger tubes contained within a lead cylinder 3.5 g/cm2
in thickness except over the aperture. These two channels will be
designated 8pl: and SpH respectively. A third 213 is also contained
within this cylinder, but is shielded in all directions. This
gerves as a background detector for the detection of penetrating
particles and bremsstrahlung produced in the housing and satellilte
skin, and is designated SpB. The directional geometric factors of

L b

the low (SpL) and high (SpH) channels are 2.3 x 10 = and 3.0 x 10~

cm2 sterad respectively, the omnidirectional geometric factor of

the background counter is about 0.2 cma.




C. Integral Spectrometer.

The integral spectrometer also utilizes three type 213 geiger

counters, one of which serves as a background counter as in the

IsL and IsH, are placed behind separate apertures containing mag-
netic brooms to sweep away electrons of energy Ee < 1.3 MeV and
Ee < 3.0 MeV respectively. The directional geometric factor of

each is approximately 102 cn? sterad.

D. DC Scintillator.

The DC scintillator is an integrating device responding to
the total energy flux incident on a disc of Csl approximately
20 mg/em> in thickness. It will be designated here by DC.

The crystel is covered by 86 g/ en” nickel foil to attenuate
incident sunlight falling on the photomultiplier cathode by a factor
of fle5 . The foil thickness corresponds in range to particle
energies for direct penetration of Ee ~ 5 keV for electrons and
EP ~~50 keV for protons. The detector is oriented at 130° with
respect to B, and has an angular field of view about 20° in di-
ameter. The geometric factor is 1.4 x 1072 eu® gterad. Due to an
as yet unexplained malfunction, the sensitivity of this detector
has degraded since preflight calibration by about a factor of 8 to

10. Hence, the response of this detector will be used only in a




jou2
(@)

differential sense to indicate the relative changes of the energy
influx.

We will also be concerned with the two PN-junction detectors,
oriented at @ = 90° and © = 180°, which were supplied by the Applied
Physics laboratory of the Johns Hopkins University. They were
designed to electronically discriminate between electrons and
protons, responding only to the latter, and hence may be used during
the intense events to detect the presence of protons. The electronic
bias for detection is given as 1.2 MeV in the most sengitive
channels, 2.2, 8, and 24 MeV respectively in the higher energy

channels.




ITII. THE ELECTRON MULTIPLIER

The electron multiplier aboard Injun III consists of a
multiplier structure similar to that of a conventional photomulti-
plier, which is housed in an open-ended glass tube. Incident
particles may strike the sensitive area of the first dynode directly
and produce electrons by secondary emission. The secondaries are
drawn on to successive dynodes by an accelerating potentlal of
~~ 130 volts/dynode. A total potential of 2500 volts applied to
19 such stages provides a current multiplication of about 2 x 105.
The asgociated electronics contain the 2500 volt power supply end
a neon-tube relaxation oscillator used as an electrometer to
provide a measure of the anode current. The following discussion
© will consider the pertinent features of electron multiplication by
secondary emission and the operation of a multiplier as & mechanical
current amplifier. A description of the flight detector's con-
structional and operational feastures and the methods of calibration

is included for historical purposes.

A. Electron Multipliers.

The electron multiplier structure may be considered a current
amplifier providing high gain, low noise, and wide-band frequency
response. Such devices have long been used to provide amplification

of the feeble photoelectric currents emitted from the cathode in



photomultiplier tubes, and have also been used for many years as
low energy particle detectors by nuclear physicists, an effort
pioneered by Allen [l9h7]. Because the device must be operated in
a vacuum and requires no intermediate agent such as a scintillator
erystal or the gas contained within the walls of a gelger counter,
the multiplier serves as a true zero-wall thickness detector,
responding to incident particles of sufficient energy to eject

at least one secondary electron from the first dynode. The primary
energy for which secondaries begin to appear is typically ~20 eV
[Massey end Burhop, 1952].

The electron multiplier achieves its current amplification
because of secondary emission, which is the ejection of one or
more electrons from a material as a result of elastic or inelastic
collisions of en incident electron or ion with the surface atoms
of the dynode material. The ejected electrons may be either
reflected or scattered primary electrons, or true secondary
electrons which are ejected from the crystal lattice of the dynode.
True secondaries are emitted at low energies, generally <£5 eV,
which are independent of the primary particle energy. The angular
distribution of the secondaries is roughly proportional to the
cosine of the angle between the normal to the emitting surface and
the path of the ejected secondary, and is independent of the angle

of incidence of the primaries, and of the type of particle
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[Bruining, 1954].

The multiplication property of a given surface is character=-
i1zed by the ratio ® of the total emitted secondary electron current
to0 the primary electron current. This ratio is called the
coefficlent of secondary emission. It should be n
definition includes, as components of the secondary current, both
elastically and inelastically scattered electrons. It should also
be noted that & represents the average number of secondaries emitted
per incident primary; in practice the value of 5 associated with
the incldence of any given single primary varies over a range of
integral values about the mean value 5.

A comprehensive treatment of the secondsry emission mechanism
is given by Massey and Burhop [1952] ; the properties are described
in detail by these authors as well as by Bruining [195“ and
Curran [1953]. Only those aspects of secondary emission that apply
to the performance of an electron multiplier will be mentioned
here. These aspects ultimately relate to the effect of various
dynode properties on the value of _8-, since it i1s this quantity
that determines the usefulness of a given multiplier structure. For
a given material the value of 3 is an extremely sensitive function
of the condition of the surface of the material. & is also related

to the energy EP and the angle of incidence OP of the primary
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electrons, and the work function § of the emitting material.
Consider now a primary electron incident on a metallic dynode.
As the primary enters the target material, it loses energy rapidly
due to scattéring collisions. The maximum depth to which a primary
penetrates will be designated dp. True secondary electrons are
generated within the material by inelastic collisions of the primary
with the orbital or the free conduction electrohs of the target
material. The maximum depth beneath the surface of incidence from
which a secondary may escape the material will be designated ds’
If the energy of the incident primary is low enough that d.p <_ds,
8 will increase with increasing Ep. It Ep is great enough that
dp >d, 8 will (a) continue to increase if the cross section for
secondary electron production is increasing with Ep, or (b) will
decrease if the cross section is decreasing with increasing Ep. The
effect of E on 8, then, is such that & exhibits & maximum value at
certain primary energies, usually EP max'“’soo eV, and decreases as
EP is either increased or decreased from that energy. 8 decreases
rapidly for EP ‘:EP max’ but decreases quite slowly for EP >-Ep max"
The coefficient of secondary emission 5 is also sensitively
related to the physical state of the surface of the material, since
layers of contaminants on the surface as well as the crystal
structure of the material result in an alteration of both dp and

ds’ principally the latter if ES <:EP. Multiplier gain degradation

is generally attributed to a variation of the surface properties and
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nature of contaminants, although it has been reported that severe
vibration also adversely affects the gain [Fisher et al., 1963].
The effect of surface contaminants has been discussed by Hirashimam
and Miyashiro C
and Heroux and Hinteregger [
secondaries are emitted at such low energies, a very thin layer of
foreign matter on the dynode surface is sufficient to cause appreci-
able decrease in & [Hirashima and Miyashiro, 19571. Such surface
contaminants may be due to (a) deposition of insulating layers of
carbonaceous matter due to the presence of hydrocarbon vapors

within the vacuum system in which the multiplier must be used,

(b) the adsorption of a monolayer of étmospheric gases on the dynode,
and (¢) the production of oxides or hydroxides due to exposure of
the dynode surfaces to the atmosphere. Great care must be exercised
when handling electron multiplier structures to insure that these
factors affecting & are controlled as well as possible. later

sections will deal in more detail with the observed effects and

methods of handling the multiplier structure.

B. The Injun III Electron Multiplier.

One of the low energy electron detectors launched with
Injun IIT utilizes a conventional multiplier structure similar to

those employed in the Injun III photometers and the DC scintillator.
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The unit was obteined with the flaﬁ face and photocathode removed
and a glass break-away cap in their place. After removal of this
cap, the aperture assembly containing a spring loaded trap-door
mechanism provides an "O" ring seal so that the structure may be
contained in an inert atmosphere of dry N2 at a few millimeters of
pressure to minimize dynode deterioration. The spring loading was
sufficient to insure the opening of the door after launch when the
pressure of the earth's atmosphere was no longer present, thus
exposing the first dynode to incident particles of sufficient energy
to penetrate the foil-covered opening. The multiplier thus serves
as a current amplifier, responding with nearly constant efficiency
to electrons of energy 10 ﬁEe$1OO keV. The anode current from the
multiplier is proportional to the incident particle number flux.
Anslog to digital conversion of the anode current is accom-
plished by a simple neon-glow tube relaxation oscillator whose
output frequency is a function of the current drawn from the circuit
input. High voltage was supplied to the dynodes by a regulated
2500 volt supply. Since the anode was referenced to ground po-
tential, the voltage applied to the first dynode was -2500 volts.
The multiplier structure itself was a 19 stage venetian blind
structure patterned after those used in the Ascop 541 series photo-
multiplier tubes, manufactured by Electro-Mechanical Research, Inec.,

Princeton, New Jersey. The dynode material was Ag(MgO) with no
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alkali metal activation such as usually found in photomultiplier
structures of this type. The first dynode had an active area of
.15 cm?, and the separation between adjacent dynodes is ~~.25 cm.
With 2500 volts applied to the dynode voltage divider resistors,

which are mounted i
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the interstage accelerating potential is 130 volts/stage. The
minimal design gain of the tube was to be =5 x 106 at this applied
voltage.

The venetian blind structure is an appropriate structure
for this epplication for two reasons. First, the venetian blind
structure generally (and particularly of this manufacturer) is the
most rugged, thus enabling the tube to withstand the vibration
encountered during launch. Secondly, the electron optics of such
a structure are by far the least critical. Since the multiplier
wag located near the alignment magnets of Injun III, thus in an
ambient field of .7 gauss aligned at approximately 90° to the
longitudinal sxis of the tube, possible degradation of gain due
to a defocussing effect of the field was minimized by choosing a
structure of the venetian blind type.

It was also necessary that the dynode material be able to
withstand limited exposure to the stmosphere with little degradation
of the multiplier gain, but that a material with a high 3 be used

to provide as high a gain as possible.
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The dynodes could have been of two possible materials: copper=~
berylliuwm or silver-magnesium. All other materials in common use
employ antimony or cesium activating layers, which are extremely
sensitive to atmospheric contamination. On the basis of discussions
with several workers in the field of low energy particle detection
with electron multipliers, it was felt that Ag(Mg0) could offer a
somevhat higher value of & than copper-beryllium, but that the
resistance of this material to atmospheric contaminants was some-
what less than that of copper-beryllium. On the basis that it would
be easier to develop methods by which the tube could be protected
from exposure to the atmosphere than it would be to increase the
applied tube voltage above the 2500 volt nominal, or to add ad-
ditional dynode stages to a copper-beryllium structure, it was
decided that Ag(Mg0) would offer the best combination of high gain
with reasonable resistance to gain degradation.

The multipliers were handled at all times in such a way as
to minimize exposure to the atmosphere. The tubes were shipped
under vacuum in a sealed glass housing with a bresk-away cap which
was grooved for scoring with a diamond pencil. The caps were re-
moved using the hot wire technique. This operation was performed
in a dry box filled with dry N2. Upon opening, the tubes were
immediately assembled into the housing and electronics. Complete

electrical testing of the module had already been completed, as
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will be discussed later. It is estimated that during the portion
of the lifetime of the tube after the initial pumpdown and bake=-
out ,* total duration of exposure to the ambient atmosphere was

less than 40 minutes. All operations requiring access to the open

structure during the final preparation and calibration of the flight
units were performed in the dry box.

The multiplier structure was mounted in a magnesium housing
and was shielded with 0.25 mm of lead, 0.15 mm "Netic" magnetic
shielding (density ~T7.T g/cm3), and minimally 4.5 mm of magnesium.
The complete assembly is shown in Figure 2.

The trap-door assembly, containing the entrance collimator,
provided air-tight seals so that after calibration and during
storage and transit prior to launch the multiplier could be stored
in an inert atmosphere of Ne. In addition to the trap door, an

outer safety cap also seated against an "0" ring provided an

additional volume filled with dry N2 around the exterior of the

The manufacturer maintained a vacuum of at least 10~ ' mm Hg while
the multiplier structure was baked at hOOOC for four hours. After
completion of bakeout, evacuation was continued for another 24 hours,

whereupon the tube was sealed [Yingling, private communication].
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trap door. This was for additional backup protection to insure
that, should the trap-door seal leak, only N2 would be allowed into
the tube. The measured leak rate in one atmosphere of the trap-door
assembly mounted on a container of similar volume indicated the
initial pressure increase within the volume to be sbout .4 mm Hg/day.
The spring-loaded trap door utilized the pressure differential be-
tween the inside and outside of the volume to keep the door closed.
It was established experimentally that if the pressure inside the
contalner were as high as 50 mm the door would spring open. On the
basis of the measured leak rate given above, and assuming it to be
uniform throughout the range of internal pressures from O - 50 mm,
the useful shelf life of the unit, before the door would open, was
estimated to be 100 days, or about three months.

The defining aperture and collimating piece were of 15%
leaded-nickel-silver (density = 8.2 g/cms). The rear aperture was
covered by a 8§/ug/cm? (lOOOR) nickel foil which served two
purposes. First, the foil attenuated incident light striking the
sensitive surfaces, thus minimizing false signal due to the sun's
ultra-violet and visible radiation. Other sources of light en-
countered in orbit produce negligible effects. Secondly, because
such a foll was an absolute necessity to protect the companion
detector to the electron multiplier, the DC scintillator, from

damage due to sunlight, it was deemed desirasble to employ a similar
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foil, thus imposing a comparable low energy threshold on the two
units. The foil used imposes s threshold of 9 keV for direct

penetration by electrons. This energy corresponds to that required

3
[9)

phere to an auroral altitude of ~ 100 km.

The electronics consisted of two units, a 2500 volt sﬁpply
and an integrating electrometer circuit. These are shown schemat-
ically in Figure 3. The anode current was converted to digital form
for transmission via the telemetry link by a neon relaxation oscil-
lator similar to that described previously by Freeman [1961]. fhe
present circuit is different only in that it employed a locally
generated sawtooth waveform injected on the low gide of the
integrating capacitor. This waveform, ~U4 volts pesk-to-peak in
amplitude and at a frequency of ~ 200 cps, serves as a "tickle"
voltage to be applied to the neon tube. It has been noticed that,
at certain input currents, the neon tube may well go into a state
of partial conduction as the potential difference across the capaci-
tor nears the firing voltage. This allows a small but continuous
current to flow, which is sufficient to prevent the capacitor from
attaining enough charge to produce full firing voltage across the
‘tube. For such a state of partial conduction there appears to be
no corresponding extinction potential, for the tube will maintain

this quiescent conduction as the input current is decreased. The
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application of the tickle voltage is to supply a small step function
in the integration waveform to insure that the neon tube is driven

into full conduction.

c. Testing and Calibration.

Complete electrical testing and calibrations were completed
prior to the installation of the trap-door assembly, i.e., before
the glass break-asway cap was removed. This was to insure that no
electronic fallures were likely to occur which would require
additional disassembly and reassembly of the unit, thereby risking
degradation of the multiplier gain. These calibrations and tests
will be referred to as the preassembly calibration procedure. The
glass cap was then removed, the unit assembled, and calibrated as
a particle detector with an electron gun and a P°210 alpha source.

During the preassembly calibration, particle input was
similated by illuminating the multiplier structure through the
glass cap with a small incandescent bulb. The bulb was mounted in
a fixture to insure that the lamp-to-dynode distance would remain
constant, and to provide an easy means of interposing Kodak neutral
density filters to vary the light intensity by a known and re-
producible amount. This fixture will be referred to as the "lamp
holder" fixture. The anode terminal was readily available so that

the absolute current output of the multiplier could be measured by




a commercial electrometer while the tube was operated from the
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flight power supply. In this way, frequent verification that the

neon tube electrometer circuilt was operating properly was possible.

1.

The current-to-frequency conversion properties of
the electrometer were obtained directly by recording
the measured current output of the tube and the
corresponding frequency output of the neon tube
electrometer due to a known input illumination.

The linearity of response of both the multiplier
tube alone and the multiplier-electrometer combined
vere determined in this way. These are shown in
Figwe 4. 'Tese properties were verified at
temperature intervals of 15° between -20°C and
SSOC; variations over this range were found to

be less than 10%. Dark current throughout this
range of temperatures was measured and found to

be less than 10™ ampere.

Output voltage and current of the high voltage
supply over the same range of temperatures and
over the range of input voltage from 18 to 26 volts

were also determined. It was found that these
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environmental factors produced negligible effects

on the above parameters. The unit underwent

seven complete temperature and voltage cycles

during the course of these tests. The power supply
properties were monitored during all seven cycles,

the neon-tube electrometer was checked on three cycles.

Calibration of the detector for electrons was accomplished by
an electron gun capsble of producing monoenergetic electrons over
the range from 2 to 100 keV. This gun is similar to the type
described by Frank [1959] and by Freeman [1961]. The detector was
mounted adjacent to a Faraday cup on & movable jig. Either the
detector or the cup could be placed in a given position near the
center of the electron beam. The cup was provided to monitor the
beam current; the bottom and edges were beveled on the interior and
coated with Aquadag to minimize secondary electron emission. The
detector could be rotated about an axis perpendicular to the beam
to determine the sensitivity to obliguely incident electronms.

The absolute response of the detector to electron fluxes is
shown in Figure 5. The unit of flux is electrons (cm? second
steradian)™l. It will be noticed that above 15 keV the detector
response is essentially independent of electron energy. The
decreasing sensitivity below this point is due to (2) the presence

of the foil, and (b) the presence of the -2500 volt potential on
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the first dynode. The effect of these is shown in Figure 6.
Curve A shows the relative response of the flight detector with
the foil in place and the first dynode at -2500 volts. Curve B
illustrates the effect of the retarding potential on the response
of ith the same foil, but with the first dynode at
ground potential. Curve C illustrates the effect of the foil alone
on the response of a similar detector. The first dynode of this
detector 1s at -2500 volts, but the foil is omitted.

The galn of the multiplier can be calculated from knowledge
of the beam current density as measured by the Faraday cup and the
area of the defining aperture of the detector. The current gain
thus determined was 2.5 x 105, as opposed to the manufacturer's
stated design goal of 5 x 106. The discrepancy is thought to be
the result of an adsorbed monolayer of atmospheric gases on the
dynode surfaces. It was impossible, however, to verify this specu-
lation because the high temperature bekeout required to remove such
a layer, if present, would damage the dynode voltage divider
resistors as well as the Silastic rubber potting around the tube.
Support of this supposition is offered by the observations of
Hirashima and Miyashiro [1957] which will be discussed later.

The angular resolution of the flight unit was determined
by rotating the detector axis with respect to the incident electron

beam. This was done at beam energies of 15, 30, 50, and 90 keV for
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a variety of collimation configurations and alternate collimator
materials of leaded-nickel-silver and stainless steel. Changing
the collimator material appeared to affect the shape of these
curves somewhat more than a change of the collimator geometry;
neither effect is considered significant.

The relative sensitivity fE(O) of the multiplier to electrons
of energy E incident at an angle © to the collimator axis is shown
in Figure 7. The response at @ = o° was normalized to unit relative
gensitivity for each energy E. The directional geometric factor g
of the detector was calculated using the function fE(O) and the

relation

2 n/2
1
g = o f f a £(0) cos 0do0ag
o o

where a is the area of the front aperture. Rotational symmetry
about the polar angle @, i.e., about the collimator axis, is

2

agsumed. The value of g thus determined is 1.2 x 10~ cm? sterad.

Response of the ingtrument to a P0210 alpha source of
~]1 mec activity was determined in vacuo. It was found that a flux
incident on the first dynode, and estimated to be ~10° particles/
second of energy E, > 420 keV (Fi111us, private communication] pro-

duced an output rate of .6 cps from the electrometer. The response

of the detector per incident a particle is thus seen to be about
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twice to four times the response per incident electron.
The effects of exposure of a similar dynode structure to

dry 02 and Né at a pressure of one atmosphere were determined with

- \u62 Thaada =Atsaann Mo = Aciaama
a v veva BUuUIrcCe. A0 BOUTCe

one another within a vacuum chanber. Response of the detector to
the source was determined after each of four successive seven-hour
periods of exposure to O,. The gain improved very slightly (~5%)
after three such periods, but remained constant after the last
storage period. The response of this tube after a storage period
of nine days in dry N2 produced no observable change in the detector
sensitivity. The multiplier was handled throughout this procedure
in an ldentical manner as the flight tube.

The means by which the multiplier performance may progress-
ively deteriorate is due to (a) degradation of the gain by atmos-
pheric contamination of the dynode surfaces, or (b) deposition on
the dynode of an insulating layer of material having an inferior
secondary electron yield. Hirashima and Miyashiro [1957] have
reported on these affects with specific reference to AgMg dynodes.
Much of the following is based on this report.

Degradation of the multiplier gain by atmospheric contami-
nation may be due to elther physical or chemical action of the

atmospheric constituents on the dynode surfaces. The physical ad-

herence of an adsorbed monolayer of atmospheric gases on the dynode
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surface has been observed by Hirashima and Miyashiro to constitute
a principal cause of decay of 5. The gain may be subsequently
restored after a thorough out-gassing procedure. Chemical action
of the atmosphere on the dynodes is usually attributed to the
formation of oxides or hydroxides. The resulting yield decay is
generally quite severe, but the time required for such action to
occur is on the order of an hour or more. It is reported that
AgMg dynodes activated by exposure to oxygen for a few minutes at
8 tempersture of 600°C evidenced no change of B due to a subsequent
"ghort-term" exposure to air at a temperature of 590°C.

Support of the previous speculation that the observed
discrepancy of the measured multiplier gain and that predicted by
the manufacturer may be due to adsorbed gases is offered by con-
sideration of the following observation in the light of the reports
cited above. It was noted that the flight tube evidenced no pro-
gressive change of gain after each of three successive exposures
to the atmosphere. Each exposure is estimated to be ~10 minutes.
If the presumed degradation is assumed to be due to a chemical
process initiated by the presence of air, it must therefore be a
process that essentially “goes to completion” during the first
10-minute exposure to the atmosphere at a temperature of nu30°C.
On the basis of these observations and those of Hirashima and

Miyashiro, it appears likely that adsorbed layers of atmospheric




29

gases, not chemlcal action, is responsible for the presumed decay.
With regard to degradation of multiplier gain due to the
deposition of insulating layers on the dynode surfaces, the following

***** Trw movn 4 AvAam Td lewm n
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€en repor
1957] that & decrease in & accompenies the bombardment of Ag(Mg0) in
vacuo by an electron beam of current density ~1 to 3 x 10-7 amp/ cma.
The degree of degradation 1s roughly proportional to the integrated
charge delivered to the sample. On the basis of electron diffraction
studies of a dynode surface subjected to electron bombardment, it
was concluded that the contaminant was "amorphous and carbonsaceous."
8ince hydrocarbon molecules are known to be present with'in vacuum
systems using o0il diffusion pumps, and are known to decompose with
electron bombardment, Hirashims and Miyashiro concluded that
deterioration of & could be minimized either by avoiding beam
current densities greater than ~10’7 anrp/cm2 s Or by using a vecuum
systen{ in which hydrocarbon molecules were not present. The latter
conclusion was tested by replacing the oil pump with a mercury
diffusion pump. The observed decay of & was indeed observed to be
substantially less severe when the mercury diffusion pump was used.
During all calibrations, care was exercised to insure that
the anode current did not exceed 1 x 10-7 amp (corresponding to a

current density at the anode of 3 x 1077 amp/cma). Previous tubes

that had been subjected to higher beam currents did indeed show a
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rapid gain decrease at anode currents greater than ~8 x 10-7 amp.
On the basis of this observation and the results of Hirashima and
Miyashiro, and since no such progressive gain decrease was noticed
throughout the calibration procedure, it is felt that no significant
damage to the dynode surfaces resulted from eiﬁher atmospheric con-
tamination or from the deposition of materials of low secondary

yield.

D. Post-Iaunch Calibration Checks.

Proper operation of the multiplier after launch with respect
t0 survival of the foil and degradation of gain was investigated.
The method and conclusions will be given here.

Presence of the foil may be verified by noting the response
of the detector to sunlight. Times for which the sun was within the
viewing cone of the detector may be determined by the optical aspect
gsensor and the DC scintillator. Checks performed at various times
in the post-launch career of the satellite indicate that the foll is
substantially intact within the limits set by our knowledge of the
detector response to light. Prior to the removal of the glass cap,
it was obgerved that a 12 watt incandescent bulb was sufficient to
produce an anode current of ~A10"° amp. After installation of the
foil and aperture assembly, a 500 watt projection lamp illuminating

the entrance aperture from a distance of 22 inches produced an anode
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current less than 10'10 amp. Response of the multiplier after

launch to direct sunlight has been observed consistently to be less
than ~3 x 1072 cps, equivalent to an anode current of 2 x 101 amp.

Evidence that the multipiier gain has not progressively de-
creagsed gince launch is offered by noting the response of the tube
to sunlight periodically during the operational lifetime. This has
been done for 11 occasions, the most recent being on 25 June 1963.
No significant change of response from that initially observed has
been noted. It 1s therefore suggested that the tube gain has
remained constant within ~10% over the six-month period.

Survival of the multiplier gain in the period between the
time of prelaunch calibration and the time of launch is indicated
by the fact that at no time has the multiplier response been less
than that to be expected due to a known particle flux as indicated
by the geiger tubes. However, the multiplier is sensitive only to
such large fluxes that the geiger tubes are driven into the non-
linear regions of their response curves at those times when compari-
sons may be made. The uncertainties associated with the non-linear
regions of the geiger tubes warrant comment.

In-flight checks of the geiger tubes have revealed somewhat
higher apparent rates than the observed preflight maxima. Since
the slope of the response curve of a geiger tube approaches zero

near the maximum apparent rate, determination of the true rate is



subject to error. A revised curve was fitted between the linear
region and the new maximum rate as a first approximation to recali-
bration. An indication of the probable validity of this procedure
is possible by comparing the predicted true rate thus obtained with
that of another detector operating in its linear range. The only
such detector is the differential spectrometer, which is generally
not saturated by virtue of its small geometric factor; this is
parallel to only one of the three discrepant geigers. Justification
that this detector can thus be used rests on the following argument.
The slope of the spectrum in the energy range 40 to 100 keV
can be determined by the ratio SpL/SpH. Assuming an exponentisl

representation of the spectrum as

E/E

N(E)4E = N_e ° aE

we determine E_ from SpL/SpH, and N, from the expression

oo -E/Eo
SpL = f € g(E)N e aE

o]

The function & g(E) is determined experimentally and may be thought
of as the passband of the low energy channel. The integration is
carried out numerically. Once No is obtained, we determine the
integral flux J(>E) directly. The flux thus predicted is accurate

within the limitations imposed by the assumption that the spectral
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model properly represents the flux present. Verification that this
discrepancy is small indeed is provided by a measurement of the real

flux J(Ee > 250 keV) obtained from 213B and J(Ee > 1.3 MeV) obtained
from Tel.. The gpectrum doeg not continue to decrease as predicted
by the exponential form, but the integral flux J(Ee > 250 keV)
determined by 213B is less than 1% of the flux J(Ee2> Lo kev). It
is thus claimed that the true flux at pitch angles & = 900 may be
determined with SpL and SpH with en accuracy of about 50%.

We may now test the accuracy of the revised response curve
of 213A by comparing our predicted flux J(Ee > 40 keV) derived
from spectrometer data with the actusl flux determined from 213A.
This has been done for some 50 cases, for which it was found that
the disagreement was always less than about 50%, and that these
disagreements were approximately equally distributed in sign. This
may be interpreted as indicating no systematic error is present in
the above approach.

To extend the same argument to a verification of a similarly
revised response curve for the 213C, we must assume that both the
flux and the spectral shape are essentially constant over pitch
angles from 87° to 145°. If this is s0, we are allowed the use of
the spectrometer to predict the absolute flux at 1300.

Iet it initially be assumed that the flux during intense

events is truly isotropic. Then a comparison of the flux present
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as determined by 213C and SpL asgain indicates quite clogse agreement,
with only a slightly greater probability (.6) for J2130 to be
greater than J

213A°

The validity with which it may be claimed that the flux may
be considered isotropic is thus crucial in substantiating the pro-
posed revision of the thin-windowed geiger tubes at @ = 90° and
0= 1300. We discuss here the basis of this assumption. O'Brien
[1962 a and b] has shown that the angular distribution of particles
measured by Injun I definitely approaches isotropy well within e
factor of 2 within the range of L and a considered in this study.
Bome preliminary studies with Injun III to investigate the 1sotropy
of fluxes during less intense, but nevertheless disturbed events,

also indicate the assumption of isotropy is well founded [O'Brien,

private communication].
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Iv. PROCEDURE

The intent of this investigation 1s to describe some of the
features of the high latitude intense events observed by Injun III
with particular interest in the behavior of the low energy component
of the corpuscular radiation present. Those detectors which will be
of use in this endeavor have been deséribed in a previous section.
It is desirable at this point to review very briefly what is known
of the general character of the outer zone during both quiet and
disturbed times and to discuss the few reported investigations of
low energy particle radiation in the outer zone. The manner in
which the detector complement of Injun III will be used to determine
the parameters of significance in this investigation will also be

discussed.

A. The Outer Zone.

The rather chaotic state of knowledge regarding the outer
zone has been remedied only in the past year with the publication
of the results of several definitive measurements of the absolute
particle flux and energy spectrum within the outer zone. The
history of controversy of outer-zone investigations has recently
been summarized by O'Brien [1963a] and by Farley [1963]. These
serve extremely well as a brief review of experimental data and to

chronicle the course of past experimentation. What follows is to
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serve only as a brief report of recent measurements of the particle
flux and energy spectrum in the outer zone.

The particle types found in the outer zone are principally
protons end electrons, with less than 1% of the flux due to heavier
particles. The proton and electron components are thought to be
equal in number [Farley, 1963] but the dominant particles of pene-
trating energies are known to be electrons. During undisturbed
periods the angulsr distribution of both particle types is generally
peaked at 90° to the field line [0'Brien, 1963].

One report of the low energy (Ep <1 MeV) proton component
in the outer zone is that of Davis and Williamson [1962], who have
obtained from scintillators on Explorer XII a measure of the proton
energy spectra in the range 100 keV < Ep < 4.5 MeV. In the heart
of the outer zone, at L = 3 to 5, a very broad maximum of directional
particle flux J(Ep > 100 keV) ~.7 x 106/cm2 sec sterad was observed
during a single pass. The flux throughout 2 £ L < 8 was comparable
within a factor of 5. The energy spectrum is reported to be of

the exponential form

-E/E
J(E)QE = N e © 4E

in which E, = 40O keV at L = 2.85 and Eo = 64 keV at L = 6.1. The

equatorial angular distribution Jo(ao) of these particles was reported

to be proportional to s.’m3 a, in the range of a, from 10° to 700.
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Frank et al. [1963] report the proton flux to be J(Ep > 500 keV)
~4 x 106/cm2 sec at L ~6 and near the equatorial plane.

Proton outfluxes from the outer zone have been observed by

YA D

Y
a visible auroral arc at an altitude of 120 km. These protons
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exhibited an energy spectrum of the above form in which Eo = 30 keV.
On the basis of this spectrum, assuming it to be valid to E = O, the
proton flux incident on the top of the atmosphere is estimated to be
1.6 x 107/¢:m2 sec.

Reports of measurements by many investigators of the electron
content within the outer zone are somewhat more numerous in the
literature. Recent observations in the region of L > 2 near the
equatorial plane have shown the intensity J (Ee> 40 keV) to be
~ 07/ cm2 sec within an order of magnitude throughout the entire
region. These oObservations thus show little of the "classical" zone-
like structure with a distinct slot at the lower edge [Rosser et al.,
1962 and O'Brien et al., 1962b]. Measurements with similar detectors
at these L values but at magnetic latitudes ﬂm 2,11-50 indicate the
average electron flux :)(Ee > 40 keV) is typically 10° /c:m2 sec sterad
and is variable with time by at least an order of magnitude at any
given L value [0'Brien, 1962a].

The higher energy electrons (Ee > 1.6 MeV) are found [Freemsan,

1963] in intensities J(Ee,% 1.6 MeV) =4 x 103/cm2 sec at low
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latitudes in the outer zone (L ~3). At higher latitudes, but
gimilar L values, this electron flux is quite similar, generally
~-103 [Forbush et al., 1962]. That the classical zonal structure
is preserved at these energies is demonstrated by comparing the
above fluxes with similar measurements at higher L values, also
given by Freeman [1963]. These are J(Eea 1.6 MeV) 4 x .‘LO]'/czm2
gsec at L = 7.5 near the equatorisl plane and, at higher latitudes,
J(E, = 1.6 MeV)=210%/cn® sec at L = 7.5 and 700 km altitude [Fritz,
private communication]. These observations indicate that the omni-
directional flux varies distinctly as a function of L.

The energy spectrum of the outer zone electrons during
"typical quiet times" is reported by Freeman [1963] to be of the

form

N(E)dE = KE 'dE

and is characterized by values of ¥y = O at L =3 and v = 3.5 at
L ~10 near the geomagnetic equator. Corresponding values of 7
on these L shells, but at 1000 km altitude, derived from work of
O'Brien et al. [1962a] are given as ¥ = 0 to 1 at L = 3, and
y=3to5at Ll =T7.5.

It should be emphasized that both the intensity and spectral
characteristics of these outer-zone electrons are variable with time

even during magnetically "quiet" periods. Order-of-magnitude changes
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the intensity J (Ee > U0 keV) are apparent in intervals as short as
a few seconds or distances of a few kilometers, while changes of
the electron flux J (Ee > 1.6 MeV) have been observed to be as great

as two Or more orders of magnitude in a period of hours [O‘Brien,

extreme, as one would expect because of the relatively unrelated
variability of the high and low energy electron fluxes noted.

The spectral characteristics given above may be regarded as typical,
but individual values of y might well vary by as much as a factor
of two. It is certeain, however, that the electron spectrum is
generally softer at greater L values both near the equatorial plane
as well as at high latitudes and 1000 km altitudes. This general
spectral pattern thus appears to be consistent throughout the entire
outer zone.

The generalized storm-time features of the outer zone evident
during periods of magnetic disturbance have recently been reported
by Freeman [1963] and Rosser [1963] based on observations with
Explorer XII. Earlier reports due to Forbush et al. [1962] and
Rothwell and McIlwain [1959] are based on similar studies with
Bxplorers VII and IV respectively. DBriefly, the features reported
by Freeman, based on an analysis of several disturbances, indicate
that (a) the low energy electron (Ee < 100 keV) content increases

throughout the zone with increasing level of magnetic activity and
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evidences rapid temporal end/or spatial variations, and (b) the high
energy electron component (Ee’>" 1.6 MeV) is diminished during the
initial and early storm phase, but is enhanced well above the
quiescent level during the late recovery phase in the region of

L =3.5t0o L =5, with greater enhancements appearing at larger L
values. The high energy component does not display the increased
temporsl or spatial variability. Other reports referenced above
depict a similar generalized morphology of the outer zone during
periods of magnetic disturbance and need not be reviewed here. The

salient features are well reported by Freeman.

B. Very Low Energy Particles.

Detection of very low energy (1 keV < E, < 40 keV) electrons
within the outer zone has been reported by Krasovskii et al. [1961].
Omidirectional electron fluxes on the order of J (Ee > 10 keV)
»v109/ cm2 sec or greater were observed on one pass at 1800 + 100 km
altitude at ~ 50° South geographic latitude (A -60° geomagnetic
latitude) over the South Pacific. The observed responses of the
shielded and unshielded scintillators were compatible with a mono-
energetic electron beam of Ee = 14 keV. Also within the outer zone,
observations by O'Brien and Laughlin [1962] utilizing the total
energy detector on Injun I indicate fluxes of ,j(F.Ze 2 10 keV)

~1010/cm2 sec sterad at L~ 8 to 10 and at A o ~ 60° during a single
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intense event. Measurements with ILunik 2 [Gringauz et al., 1961)
indicate the intensity of low energy fluxes J(Ee > 200 eV)
n1108/cm? sec at great radial distances (L A2 10) and near the
equatorial plane, Hoffman et al. [1962] have observed on one
occasion a peak electron flux J(10 SE <35 keV) A 3 x 106/cm2
sec sterad immedliately preceding a geomagnetic storm.

Direct observations by rocket-borne apparatus of outfluxes
of very low energy electrons from the outer zone have been reported
by MeIlwain [1959], Davis et al. [1960], and McDiarmid et al. [1961].
These fluxes were all declared to be assoclated with auroral phe-
nomena. McIlwain detected, at ~ 120 km and within visible aurora,
fluxes of J(E, =3 keV) =2 x 107/en® sec sterad and 2 x 101/cn®
sec sterad on two separate flights. The spectral characteristics
of the first observation could be characterized by anvexponential
function of the nature reported earlier in which the shape parameter
Eo = 5 keV. The second flight detected an electron flux that
appeared to be monoenergetic at an energy of ~ 6 keV. Davis et al.
report fluxes J(Ee > 8keV)a2 - 6x 107/cm2 sec sterad with a
somevhat harder spectrum. A five-electrode "electron trap" sensi-
tive to electrons of energy 30 eV< E o < 1 keV indicated & total
flux ,6109/cm2 sec sterad. McDiarmid et al. observed similar fluxes
of higher energy particles of J (Ee > 30 keV) ~ 2 x 106 following an

exponential spectral distribution in which EQ = 22 keV. All these



reports indicate that large and rapid variations of intensity are
apparent during the minutes-long rocket flight. However, no
similar observations of the spectral behavior with time or intensity
are reported.

In the presentation of the following observations of intense
events, the features that will be considered are (a) the electron

< 1 MeV and its tempora,l/

energy spectrum in the range 10 keV’:;E%
spatial variations, and (b) the observed variations of the particle
flux with pitch angle, with time, and with L. 8ince the events are
observed for such a short period of time (typically ~2 minutes),
any dependence on B is difficult to ascertain because the range of
B traversed 1s quite small. The typical variation of B during an
observation is from .41 to .44 gauss. We will instead consider
altitude a parameter of possible interest.

Additional features of interest are the presence of VIF
and/or auroral light emissions associated with the events to be
discussed. Such phenomenon will be reported in a qualitative
manner; extensive investigations are being conducted by Gurnett
[1963] and Taylor [private communication]. The nature of these
phenomena as presented here will be due to the above cited sources.
Such reports are intended only to illustrate the association ob-
served between particle, auroral, and VIF observations during these

events. An investigation to consider the details of the inter-
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relations 1s planned.
The instrumental complement of Injun III enables determinatim
of a six point energy spectrum of trapped electrons with points at

Lo 100 and 2850 keV and 1.2
rv’ .hvv, A o W Anie ¥ L= *-J’

(S

, and § MeV,
nation of the energy spectrum at @ = ’50o when the particle intengity
is sufficiently great J(E% =10 keV) AJ106/cm? sec sterad is
possible with pointe at 10 and 40 keV. The assumption of isotropy
of spectra at ¢ = 900 and a==50o allows the extension of the above
spectra to include the point at 10 keV. The instantaneous angular
distribution of electrons of E 2 40 keV about the local B vector
may be determined with the geiger tubes 2134, C, D, and the
differential spectrometer, which are oriented at @ = 900, 1300,

1800, and 270o respectively to the alignment axis of the satellite.

The method of analysis of these features is given here.

1. Energy Spectra.

Previous reports of the energy spectra in the outer zone have
generally been represented either by an exponential function of the

form
-E/Eo
N(E)dE = Ne dE

or a power~law function such as
N(E)AE = KB’ dE

The quantities Eo and v may be termed the shape parameter in these
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expressions in that the numerical value of these quantities complete-
ly determines the differential properties of the spectral represent=-
ation. Bince both spectral forms contain two adjustable parameters,
two independent measurements of the particle flux in different
energy ranges are required to assign numerical values to the quanti-
ties of either expression. 1In the'following, two such determinations
are possible, one based on SpL and SpH, the second based on EM and
SpL.

Consider first the evaluation of both adjustable parameters
of a given spectral model on the basis of SpL and SpH. The method
[Laughlin, private communication] by which this was done initially
assumed a spectral form in which the shape parameter Eo or Y vas
given numerical values and the expected response of both SpL and

SpH calculated using

oo
D, = ] Ri(E)N(E)dE
o
where
Di = response of either SpL or SpH in cps.
Ri(E) = the response function of the detector derived

from preflight calibrations in units of cps
(particles/cm? sec sterad)-l.
N(E)AE = the spectral model assumed.

Note that Di is the designation of the ith detector as given in
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Table I and may be used to refer to either the detector itself or
the response (in cps) of that detector depending on the context of
its usage. For the differential spectrometer channels, Ri(E) is

[ Y
10 Ay

given as g i(E) be considered as the passband of the
detector. The quantity also includes detector efficiency and the

geometric factors. The ratio SpL/SpH is thus given by

O
f RSPL (BE)N(E)4E
SpL _ ©
& - (73]
P fRS (B)N(E)AE
PpH
(o]

and is independent of No or K in the two spectral models used. 'The
integrations are carried out.numerically and the results for various
values of E o and v in the respective spectral forms are tabulated.
The ratlo is thus calculated and graphed as a function of Eo or r.
This graph then serves as a tool by which the value of the shape
parameter representing an observed SpL/SpH may be easlly determined.
A family of curves representing Spl, the count rate of the low
channel, as & function of either No or K for given values of E o OF
¥ respectively, permits rapid determination of the proper No or K.
This completes the numeric expression by which a given observation
may be represented. Such a determination is limited in accuracy to
the expression of the differential distribution of electrons in the

range of energies from 4O to 100 keV, and is predicated on the
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assumption of a given spectral model.

Determination of shape parsmeter of these spectral models on
the basis of EM and SpL is accomplished by first evaluating the
observed flux intensities J(> 10 keV) and J(> 40 keV) from the de-
tector calibrations. The method by which J(> 10 keV) end
J(> 40 keV) may be determined with these detectors has been dis-
cussed in an earlier chapter. The ratio J(>10 keV) / J(> 40 keV)
is calculated for assigned values of Eo or v and plotted as a function
of these variables. Such a plot thus serves as a useful tool by
which Eo or ¥ mey be conveniently evaluated for a given pair of ob-
servations. The numerical value of the shape parameter thus
determined is predicated on the assumption of a given spectral
model, and is applicable in the range of energy 10 keV <E_ S 10 kev.
Parenthetically, it should be noted that the original intention was
to employ DC for this purpose. It is anticipated that a re-
evaluation of the gain of DC, which is currently in progress, will
permit this intention to be fulfilled.

In practice, it has been found that observations cannot be
sccurately represented by either such model, but that the exponential
is more often useful and provides a reasonable fit to the obser-
vations at the 10, 40, and 90 keV points. For this reason, the
observations are reported with reference to the exponential ex-

pression to facilitate comparison of these observations with the
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results of previous experimentation.

Since the count rate of EM is generally quite low, ~~ 10-1
count/frame, the determination of J(>10 keV) thus represents a
time average of the flux over an interval of several seconds. It
is therefore necegsary that the corresponding flux J(>UO keV) also
be averaged over the same interval. However, the intensity of the
events to be studied is sufficient to drive the thin-windowed geiger
tubes into the non-linear region of their response curves. It is
therefore of importance to emphasize that the average flux
J(> 40 keV) utilized in the spectral determinations to follow was
derived from the averasged true count rate of 213C, not the
averaged apparent count rate. The accuracy of J(> 140 keV) shown
in the spectra to be presented is felt to be accurate within a
factor of two when all sources of error are considered. The princi-
pal source of error has been discussed in a previous chapter.

The determination of J(>10 keV) is plotted in the spectra
to follow with a somewhat larger error bar. These limits were
determined by assuming the incident flux to be monoenergetic at
those values of E_ where (a) REM(E) is a maximum, i.e., E%ﬂ=f60 keV,
and (b) Rm(E) is attenuated by a factor of L, i.e., E, = 10 keV.
Since the gain of the multiplier could possibly decrease, but could
never increase, it is therefore felt that the lower end of the error

bar on the values J(Ee =< 10 keV) represents an absolute lower limit
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of the determination of the flux of electrons of energy Ee,.>,10 keV.

2. Angular Distribution.

The matter of specifying the angular distribution j(a) of
the obsgerved radiation in terms of a model function, as was discussed
above with reference to the spectral distribution, is not of import
to the present investigation. The events to be studied do evidence
some extremely interesting features that require a brief discussion
of the method of observing the angular distribution, at least in a
qualitative manner. The thin-windowed geiger counters 213A, C, and
D, oriented at 90°, 130°, and 180° respectively, may be used to
determine the average directional flux at pitch angles of
a = 90° + ~10°% 50° + ~10° and 0° + ~U45°. During the intense
events to be studied, the function j(@) is kxnown to approach
isotropy about the upward hemisphere [O'Brien, 1962b]. It is
during these times of isotropy that the determination of J(> 10 keV)
may be coupled with J(> 4O keV) to establish the energy spectra.
Isotropy is required to (a) normalize the particle flux measured by
213A and 213C unambiguously, and (b) provide the verification that
J(> 40 keV) based on 213A, 213C, and Spl are compatible. The
significance of the latter consideration has been treated fully in

Chapter III.
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V. OBSERVATIONS

During the period from Jsnuary to March, 1963, gseveral
periods of intense particle radistion were observed by Injun III.
Four such intense periods, including one or more passes, will be
discussed in some detall with regard to the absolute character of
the particle radiation present. These passes, identified by the
satellite revolution numbers, are listed in Table II. This table
lists much of the information regarding date, universal time, the
range of local time, L space and altitude traversed by the satellite
during the period of interest, and the maximum observed energy flux
Fmax(Ee:> E) due to electrons of energy greater than E. This
material is presented in Table II for the sake of brevity, and hence
will not be repeated in the discussion to follow. Also listed in
Table II is the value of LN’ the northern, or high latitude,
termination of the trapping region as defined by O'Brien [l963b].

It will be seen that this parameter is a distinct feature evident
in most of the passes to be discussed.

This series of passes evidences several relatively new and
very interesting features which do not properly lie within the scope
of the present investigation. It is difficult, however, to avoild
brief mention of these phenomena. We will thus define these phe-~

nomena for the purpose of recognitlon and merely acknowledge their
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existence when appropriate. A detailed investigation of certain of
these phenomena is presently underway and studies of others will
so0on commence.

One such feature to be observed is the "splash,” introduced
by O'Brien [private communication]. This is characterized by an
extremely shortlived intense increment of particle flux (probably
low energy electrons) which appears equally at all local pitch
angles. The feature 1s readily apparent at small pitch angles
since the increment of flux is large compared to the flux otherwise
detected at « 25500, whereas the splash is not at all apparent in
the trapped flux (i.e., those particles with local pitch angles
a 2290°).

A second feature to be noted is what will be termed the

"

"plateau,” a region in space in which the particle radiation during
these events is most intense and nearly isotropic. The counting
rates of the thin-windowed 213's (213A, C, and D) are all relatively
uniform within the plateau region. The region is seen to terminate
very rapidly at the high latitude edge, usually coincident with LN'
A third feature, a definite pulsating character of the
particle intensity in the range of 0 <o < 50°, was observed only
during revolution 4Tk. A brief discussion, which should be con-

sidered parenthetical only, is included in the discussion of this

revolution. It is intended only to emphasize the existence and
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possible significance of this phenomenon.

A. Revolution 400.

Injun III sliced through L values of 4 through ~8 at
~s1046 UT on 14 January 1963, during which time the satellite was in
the sunrise penumbra Of the earth. The magnetometer indicated satel-
lite alignment to be within three degrees with the local B vector
throughout the event. The altitude and range of B traversed were
such that all precipitated particles observed during this pass must
have had local pitch angles less than AJSTO. Hence, the detector
group at 6 = 130o is certainly responding primarily to precipitated
particles. We will therefore refer to the responses of the 90o
detectore as being due to only trapped particles, and the response
of the 130o and 180° detectors as being due to precipitated parti-
cles. The counting rates of these detectors are shown in Figure 8
a8 a function of the on-board clock.

The flux detected is probably due to electrons, since the
proton detector PNC-1 at @ = 90° indicated less than ~5 x 10°
protons of E% 2 1 MeV and the higher energy channels registered no
counts during the peak flux. The PN detectors at @ = 180° also
registered no counts during this time. Light contamination of the

DC scintillator amounted to about three times the dark current.

The peak flux, however, was sufficient to railse the response of DC
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an order of magnitude above this background level, so that the
differential character of the response is not severely obscured
during the pesk. FPhotometric observations are not useful during
this pass due to atmospherically scattered sunlight [mwylor, private
communication].

Revolution 400 represents the most intense event surveyed by
Injun III during the six months since launch, but may only be termed
moderately intense. The peak energy flux is estimated to be
~20 ergs/cm? sec sterad due to electrons of 52‘2,10 keV.

The integral electron spectrum during the event is seen to
become progressively softer as the satellite moves northward. This
softening is due to both a depletion of the high energy particles
(Ee > 250 keV) as well as an enhancement of the low energy flux.
This is depicted in Figure 9 which illustrates the morphology of
the integral electron energy spectra during the pass. The first
three panels indicate that those electrons present of Ee 2 bo kev
detected by the 213's are, in themselves, very nearly sufficient to
explain the entire response of the electron multiplier. Thus the
particle flux of electrons of energy 10 < E < 40 keV during the
early portion of this event is seen to be less than about one-half
that due to electrons of energy 40 sEe 4250 keV. During later
portions, the contribution of low energy electrons to the flux is

quite evident while, concurrently, the flux of high energy particles
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J(> 250 keV) appears to progressively diminish.

The large increase in the response of both EM and DC between
frames 1800 and 1850, during which time SpL (which is not driven
beyond its linear region) increases only slightly, indicates an
extreme enhancement of the very low energy component Jjust prior to
the termination of the plateau region. The progressive decrease of
the ratio DC/EM during this period is further testimony to the
increasing softness of the gpectrum. Typical values of Eo derived
from SpL/SpH during the event are shown in Figure 10. The
corresponding values of v derived for the power law spectral model
are generally between 2 and L.

The spedtrum during the splashy period prior to the plateau
is generally slightly softer than after the platesu, but on the
basis of revolution 40O alone there is certeinly no great statisti-
cal significance to this trend. The spectral character of adJjacent
peaks and velleys of the splashes shows no such apparent trend
toward change of SpL/SpH either before or after the plateau.

The high latitude termination for this pass forms the north-
ern boundary of the plateau region. This i1s located at LN:«15.75,
and is seen in the vicinity of frame 1860 of Figure 8. The respoﬁse
of the thin-windowed geiger tubes drop rapidly in a period of about
five seconds. The relative decrease is most pronounced in the 90°

and 130o detectors as compared with the 180° detector, but all
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decreases amount to a factor of ~/100 - 1000 in this interval.
This feature is evident for all particles of energy 10 keV _<_Ee
<100 keV, since 213A, C and D, as well as SpH and EM respond in
a somewhat similar manner. The sharp termination 1s not at all
evident for particles of Ee 2 250 keV, however, for the 213B shows
a gradusl decline commencing around frame 1800 and continuing
through frame 1880, evidencing an overall decrease by a factor of
50 during this time.

It is of interest to compare the relative megnitude of the
variations in flux at pitch angles of o = 0°, 50°, and 900 occurring
at the termination with those variations occurring during the
splashes. At the termination of the plateau, the greatest change
of response was apparent in the 213A at 900, whereas the relative
changes during splashes are most apparent in the 213C and D at
a = 50° and 0° respectively. The variability of trapped radiation
thus appears to be greater at the plateau termination than during
the spleshes, whereas the opposite is true of precipitated particles.

It should be noted in passing that, essoclated with this
intense flux of electrons, there was significant VIF activity. This
activity was characterized by intense chorus prior to the termi-
nation, which was replaced by wide-band hiss immediately following
the termination [Gurnett s priva.té comunication]. As noted earlier,

no auroral observations were possible during this pass.
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B. Revolution 401.

The satellite passed through nearly the same region in B, L
space during both revolution 40O and 401, hence it is possible to
observe the changes evident in this region over the 2-hour interval
between passes. ILocal time at the satellite was 0503-0619, hence
the DC scintillator and all photometers were sufficiently contami-
nated by sunlight to obscure all data of interest. The 130°
detectors again responded primarily to precipitated particles.

The count rates of the 213 geiger counters are shown in
Figure 11. It is evident that the intensity observed during the
previous pass has decreased markedly. The peak energy outflux is
no grester than ~s0.2 erg/cm2 sec sterad.

The spectral observations that are possible during this event
indicate the same general dependence on L evident during the previous
pass. Compared with revolution oo , the present spectra appear
slightly harder at low L values, but considerably softer at the
higher L values. Due to the relatively low intensity observed, the
counting rate of EM is ~0.1/sec. The spectra derived from SplL/SpH
therefore utilize averages of SpL/ SpH over approximately 10-second
intervals of time. It may, however, be stated with certainty that
the spectrum in the energy range 4O ﬁEe < 100 keV shows greater
softening as the satellite moves to higher L values. The values of

E, end v observed during this pess vary between E ~ 60 keV (v ~1)
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at lover L values to E ~ 10 keV (r ~7) at the higher L values.

The distinctive morphological feature of the spectra evident
in revolution 400, i.e., the great enhancement of the low energy
electron flux near the termination is not evident during revolution
4Ol. The 213B response is certainly comparable with the obser-
vations of revolution 400. The spatial structure (1f the structure
is indeed spatial) appears much less pronounced than during the
previous pass, and the lack of low energy particles and the high
latitude termination cause the zone to appear to have "melted" into
a more diffuse and less intense structure during the interim period
between revolutions. Figure 11 indicates that such clear-cut
features as the termination and the plateau region evident during
revolution 400 have been eroded away. The increase of flux evident
in all counters does, however, indicate the location of the remnant
storm time features.

It is probably reasonable to conclude that, in a general way,
the zone has expanded toward higher L values and that the splashy,
turbulent nature of the upper portion of the zone has also moved
outward, extending now to L values as high as ~ 15. These state-
ments are certainly more true of the low energy (Ee 2, 40 keV) electron
flux than of the higher energy flux. The higher energy particle
structure, based on J (Ee > 250 keV) determined by 213B, appears to

retain the character of revolution 400 quite well, reaching a broad
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maximum of J(Ee > 250 keV) ~ (2-3) x th/cma sec sterad at L ~5.

No VLF or auroral emissions were observed during revolution LOl.

c. Revolution 4ThL.

Revolution 474 is included in this report of the observations
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good example of what shall be termed for
immediate purposes the phenomenon of pulsating splashes or simply
pulsations. 8Several spectral observations utilizing EM are also
possible. The satellite again sliced through a range of L values
of 5.5 through 10.0 in a period of sbout 2 minutes at ~/0958 UT on
20 January 1963. Other parameters of interest are listed in

Tuble II. Alignment is considered to be good within ~3°, and the
values of B traversed were such that the broadest dumping cone
extended to a ~ 64°.

Although the sun was not shining on the satellite during
this time, the light of sunrise was sufficient to raise the back-
ground level of the DC scintillator and the photometers a factor of
three above dark current. The event is not energetic enough éo
activate these detectors significantly above this relatively low
contamination level.

The peak flux observed during this event occurs at L ~6.3
and is estimated to be ~ 0.2 erg/cm? sec sterad on the basis of an

average electron energy of 40 keV and an integral flux J(Ee:> 10 keV)
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ﬁu(2-8) X 106/cm2 sec sterad as determined by EM. The proton
detectors report no flux greater than nulOz/cm? sec sterad due to
protons of energy Ep 2 1.2 MeV.

Since this event, as revolution 40l, is not of great in-
tensity and the response of EM is low, ~ 0.1 cps, the spectral
measurenents of the very low energy electrons with EM must thus
be considered averages over the period of one or more pulsations.
However, if, for example, one were to accept the peak count rate
of 213C during a one-second interval commencing at frame ko5 as
the average flux observed over the interval from U718 to 4758, the
resulting determination of J{(>40 keV) may certainly be considered
an upper limit since it is based on the maximum 213C count rate
observed during the entire interval over which EM is averaged.
During this interval, EM registered an average flux of j(Ee>»10 keV)~
2 to 8 x 106/cm? sec sterad, end 213C indicated J(EEJ'hO keV)
~box lOs/cm? sec sterad. The slope of this spectrum is quite
likely to be somewhat steeper, however, since the flux measurement
at 10 keV is considered to be a lower limit of the 1lO-second
averaged flux whereas the flux estimate at 40 keV i1s considered to
be an upper limit.

A few sdditional samples of electron spectra with points at
10 keV may be constructed in the same manner as the above. These

indicate that the integral spectra between 10 and 4O keV become
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quite flat during the event in contrast to the pattern noted in
revolution 400. The sample available at L ~/9 indicates J{>10 keV)
is at most a factor of 2 to 3 greater than J(>4O0 keV), while this
same ratio for the earlier example was ebout a factor of 10. The
ratio SpL/SpH throughout the pass shows a slight tendency to
decrease at higher L values, also indicating a hardening of the
spectrum.

The pulsating character evident in this pass is clearly
visible in Figure 12. It should be pointed out that the pulsations
are to be contrasted with the splashes mentioned earlier on the
basis of (a) the "pulse width" of the flux enhancement, and (b) the
repetitive nature of the enhancements. Comparison of the splashes
apparent in revolution 40O, Figure 8, with those of revolution 4Tk
illustrates that the two phenomena are indeed different in botﬁ
respects. On the basis of the peak-to-peak spacing in time, the
12 distinct pulsations display average period of T.9 seconds. The
standard deviation of the data is 2.2 seconds, hence the distri-
bution of periods is 7.9 + 2.2 seconds at a confidence level of
~ 0.7 during this interval of time.

A comparison of the ratio SpL/SpH for all peaks and all
valleys indicate no significant spectral distinction between the
pulseting and non-pulsating components in the energy range 40 s;Ee

£100 keV. 213B is counting far too low to yield adequate
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statistics, and hence we may only state that the spectral character
of the pulsations, although quite evident in the low energy com-
ponent, may Or may not be evident in the higher energy components.
It is interesting to note that the classical zone-like structure of
high energy electrons as detected by 213B lies almost completely
to lower L values than the transient phenomenon discussed above.
Schematically, this pass evidences the same general structure
as that spparent in the previous event discussed. The platesu
region is sharply bounded on the northern side at L ~8, extending
to this value from L ~T7. Both to the south and to the north of
the plateau region one may observe the time varisble structure which
was previously evident as splashes rather than pulsations as in the
present case. The progressively decreasing count rates evident by
visualizing the envelope of the peaks and the plateau merits specu-
lation. Although this may well be due either to the mirror point
distribution on the various L shells as the satellite moves toward
higher B, or a pure L dependence, another possible cause may be
that loss mechanisms are progressively degrading the total particle
content of the zone. It is therefore conceivable that these features
may be either temporal or spatisl. Speculation regarding the spatial
or temporal origin of these pulsations would certainly be of great
interest, but will not be dealt with at this time.

Auroral data are not of significance during this revolution
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because of sunlight contamination of the photometers.
The VLF detector indicated no sctivity of interest sbove the

noise level of the apparatus.

Revolutions 609 and 610 provide a second opportunity to
survey twice in a two-hour interval the features of an intense
- event in the outer zone at essentially the same location in B, L
space. During revolution 609, the satellite passed through L values
of 4 to 7 in an interval of 2 minutes around 0707 UT on 31 January
1963. Both the DC scintillator and the photometer are potentially
useful during the event during the early portion of the pass, but
the satellite entered sunlight at 0210 local time, near the end of
the pass. The magnetometers indicated alignment of the satellite
with respect to local B was within ~5°. The location in B space
was such that the broadest dumping cone extended out to & ~67°.
The 1300 detector group is thus indicating precipitated particles.
The field of view of the 90° detectors may overlap the extremity
of the dumping cone by as much as three or four degrees as the
satellite oscillates. This effect need not concern us, however,
since the isotropy observed during these events will make such an
overlap inconsequential to our present purposes.

The counting rates of the detectors are shown in Figure 13.
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As in the previous pass, the flux detected is probably due to
electrons since the PN junction detectors indicate the proton flux
J(E, 21 MeV) £ 3 x 103/cu® sec sterad with pitch angles of 90°.
No protons are apparent at 6 = 180°. The peak flux, observed at
L = 5.5, is estimated to be ~1 erg/cm? sec sterad due to electrons
of Ee 2,10 keV, assuming an average electron energy of 20 keV.

The integral energy spectrum of the precipitated particles
may be observed with excellent statistics in the plateau region
of this event. Selected spectra are shown in Figure 14. The trend
toward softer spectra as the satellite moves to higher L valueg is
again quite evident. This series of panels also indicates the
limits of applicability of the exponential spectral model. The
first two spectra strongly indicate a power law form to be more
accurate, since the slope appears to increase in absolute value
toward lower energies in contrast to the decrease of slope expressed
in the exponential form. The increasing slope at lower energies
gives the spectra the appearance of "blowing up" at still lower
energies. During the latter portion of the pass, however, the
exponential model becomes more applicable and the curves show a
degree of flattening at low energy, which may be interpreted to
indicate that a turn-over point in the differential spectra does
exist. The softening of the spectra 1s not observed to be due to

the increase of low energy particles as was observed in revolution
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40O since J(Ee =10 keV) does not increase markedly during the pass.
Instead, the higher energy component indicated by 213B decreases,
as does the integral point derived from SpH in the manner described
in a previous section.

The ratio of SpL/SpH also reveals a marked softening of the
spectrum, with typical values of Eo decreasing from 25 keV to a
minimum of T keV. Corresponding values of vy range from 2 to T.

The variability of these spectral parameters is, as before, large
and rapid.

The high latitude termination of the plateau occurs at
ITIAJS.S. The most extreme decrease is shown by 213D at 0 = 180°.
This is somewhat less than that evident during revolution 400, but
still amounts to a factor of 100. The 90o and 130o geigers respond
similarly, but decrease by only a factor of ~10 in a period of
5 seconds ( A L £0.1). These decreases are evident in SpH, the
thin-windowed geigers, and EM, whereas 213B decayed slowly in the
southern portion of the plateau region. The termination thus
appears to0 be a low energy phenomenon. The total decrease of 213B
was a factor of 50 or more during ~.30 seconds, corresponding to a
AL of ~.75.

Associated observations during revolution 609 of auroral and
VLF phenomena indicate the presence of both. The photometer, how-

ever, was just coming into sunlight as the auroral buildup was
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occurring. It is thus difficult to estimate the intensity [Taylor,
private communication].. VIF activity was characterized by auroral
hiss, but has not yet been analyzed in detail. Such an analysis

is anticipated [Gurnett, private communication].

E. Revolution 610.

Revolution 610 traversed L values of I through 11 during a
three-minute interval commencing at 0903 UT, 31 January 1963.
Alignment of the satellite was within 4° throughout and the local
dumping cone extended out to o ~69°. Contamination of the 90°
detectors by fluxes other than trapped is possible but, as for the
previous pass, the general isotropy of these fluxes renders a
distinction between trapped and precipitated fluxes unnecessary.
The 130o detectors are, however, certain to observe precipitated
fluxes only.

A great deal of potentially interesting information during
revolution 610 is missing due to noise at the receiving station, as
is evident in Figure 15. An estimate of the maximum precipitated
flux is A2 ergs/cm? sec sterad on the basis of the count rates in
the vicinity of frames 5050 - 5075. The features of interest
discussed for the previous passes are lacking in significance in
the present instance, so an extremely brief qualitative discussion

will instead be presented.
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The spectral character of revolution 610 also indicates
generally softening spectra in the range of L between L = 6.5 and
L = 11; values of Eo derived from SpL/SpH are somewhat harder than
previously observed, varying between 35 keV and 12 keV. The
corresponding values of v range from 2 to 4.5. The splashy features
are qualitatively very similar to those discussed previously in the
region of I':>LN' No plateau is evident, but this may well be due
to the lack of data. The plateau, if it exists, is probably located
in the region L ~JT.

The changes evident in revolution 610 since the previous
pass indicate that although the peak intensity has not noticeably
decreased, the entire zonal structure has apparently expanded
toward both higher and lower L values. If any conclusions regard-
ing the termination are warranted, it must be said that the sharp
features have been eroded, the entire structure becoming somewhat
more diffuse and extended in space. This effect is similar to that
observed in revolution L401.

Both auroral [Taeylor, private communication] and VLF
[Gurnett, private communication] emissions were present during
revolution 610, but reception difficulties during the early, and
most intense, portion of the pass were sufficient to obscure much

of the data.
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F. Revolution 99k.

Revolution 994 is of interest because it affords the
opportunity of examining the energy spectrum and angular distri-/
bution during a single, shortlived burst of precipitated particles
which coincide in space and time with a visual aurora. The entire
event occupies less tha.n' one minute at 0721 UT on 3 March 1963.
Local time of the satellite was ~2220 and the L value of this event
was 8 to 10. The satellite was aligned with B within ~3°, and the
magnitude of |B| was such that the edge of the dumping cone extended
out to a /\/800- Hence the 1300 and 180° detector groups respond
only to precipitated particles. The satellite was in the earth's
shadow, and thus no contamination of the DC scintillator or
photometers was evident. No protons of Ep 21 MeV were detected
by the PN junction detectors at either © = 90o or & = 180°.

Figure 16 shows the counting rates of the 213A, C, and D,
EM, and the 3911LR photometer oriented at O0 80 as to respond to
auroral light generated in the atmosphere at the base of the field
line. The correlation of these phenomens 1is seen to be quite good.

The precipitated energy flux due to electrons of Ee 2 10 keV
18 estimated to be ~2 ergs/cm2 sec sterad. The electron energy
spectrun of the event is much steeper than any observed previously
with Injun III. As can be seen from Figure 17, the ratio |

J(>10 xeV) / J(>U40 keV) was observed to be greater than 500.
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Such a slope corresponds to a value of B = ~N4 keV, or a v of ~T.
The integral spectra require that the power law spectral model be
used to designate the shape of this spectra throughout the event.
Assignment of a value of v may be done with good accuracy on the
basgis of SpL/SpH since the power law-model appears to hold well to
electron energies of 100 keV.

The first two panels of Figure 17 do not indicate any change
of spectra evident during this short period, but it may be seen
from Figure 16 that EM indicated a decrease of flux prior to that
indicated by 213C. This indication is taken to be real since the
DC scintillator also showed a decrease at the same time. The ratio
Spl/SpH also indicates no trend toward softening spectrum. It is
thus concluded that any progressive spectral change present 1s due
to flux variations of 10 - 4O keV electrons.

The angular distribution of this event is seen to be quite
isotropic throughout the one-minute interval. The directional
fluxes detected by 2134, C, and D indicate complete 1sotropy of
flux (within 50%) at pitch angles a = 0° through @ = 90°. This may
be noted by comparing the fluxes reported by these detectors as
indicated in the integral spectra of Figure 17.

The temporal or spatial structure observed during this pass
indicates the time scale of the event to be ~25 seconds or the

spatial extent of the structure to be ~100 km. It is not purposeful




68

at this point to consider which structural parameter 1s the more
gignificant. The high latitude termination of the plateau, if we
can consider a plateau to exisf,, is located at LN = 10. The width
of this plateau is AL ~1.5, and thus is similar in this respect to
the plateaus noted during previous passes.

Both auroral and VIF activity were detected simultaneously.
The asuroral emission associated with this event is described by
Taylor {private communication] as intense , amounting to ~~20 kilo-
rayleigh of 391&2. emission. VIF activity is characterized by the
presence of suroral hiss. The relation between particle, auroral,

and VLF phenomena is to be reported in detail by Gurnett [1963].
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VI. DISCUSSION AND CONCLUSION

The four intense events described in the previous section
afford the opportunity to observe the energy spectra and fluxes of
10 keV electrons within the outer zone during periods of disturbance.
It will be the purpose of this discussion to point out the general
character of the L profiles obtained during these passes and the
behavior of the low energy electron flux within the outer zone, and
to comment on these meassurements with regard to the results of
previous investigations.

An examination of Figures 8, 11, 12, 13, 15, and 16, which
present the counting rates of gelected detectprs as a function of
time (and location in L), reveals a pattern in which all passes
display certain features in common. It will be of interest to
reiterate this generalized structure briefly.

The structural pattern is characterized by a plateau region
of relatively constant counting rate which is bounded on both north
and south by regions in which sharp spikes of large magnitﬁde occur.
This pattern is most noticeable in the 130o and 180o detectors.
Revolution 474 displays this pattern with the modification that the
Plateau, instead of being of constant counting rate, is characterized
by a region of monotonically decreasing counting rate. The uniform-

ity of the count rate evident on these plateaus belies, to some
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extent, the magnitude of the transients in flux because the geigers
are operating in the non-linear region of response, hence large
changes of flux may be represented by only small changes in the
apparent counting rate. That such a plateau does exist as a region
in which the flux is relatively constant is claimed on the basis of
the following reason. The plateau feature has been observed (revo-
lution 47h) at relatively low counting rates of ~~250 counts/frame
in the 213D, and less than 150 count s/fra.me in the 213C. These
rates are well below the peak rates of 420 and 600 counts/frame,
respectively. Thus, although the tubes are driven into the non-
linear region, they are far from saturation and hence are not
distorting the magnitude of the flux variations by more than 20%
in this instance.

The phenomenon discussed by O'Brien [1963b] of the high
latitude termination of trapping in the outer zone is obvious in
several of these passes. Although detailed consideration of this
termination is not necessary to this investigation, the existence
of this feature will be of use later. The termination, for the
immediate purpose, is taken to be the northern boundary of the
plateau region, but this definition, during the intense events ob-
perved, does not alter the value of LN as determined by O'Brien.

The termination is characterized by & distinct, sudden decrease of




T

the counting rates of all detectors with energy thresholds less than
~s100 keV, but not evident in the 213B, whose threshold is 250 keV
for electrons. The L value of this termination is seen to be 5.7,
~8, and 5.5 in revolution 400, 4Tk, and 609 when the location may
be determined accurately. These values are at somewhat lower L values
than those reported by O'Brien, but agree well with the observation
that LN appears at lower L values during intense events. Revolutions
610 and 994 display velues in very good sgreement with those of
O'Brien. It should be noted that this termination occurs simultane-
ously for particles of all pitch angles o° <a 5900, as well as for
particles of energy 10 < Ee <£ 250 keV. 'The distinct high latitude
termination is not evident in the fluxes of electrons of Ee = 250 keV
as reported by 213B.

The integral electron energy spectra during these events
have been observed within the plateau to be widely variable within
any single event ag well as from one event to another. This feature
has, of course, been reported previously by a large number of
investigators. Interpretations of some previous experiments within
the outer zone have shown that the spectrum generally continues to
increase, epparently without limit, toward lower and lower energies.
It is proposed that the interpretation of the several detailed
spectral samples obtained with Injun III within the outer zone indi-

cate that, in some (but not all) cases, the differential number-energy
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distribution does not continue to increase throughout the range of
energies between 10 and 40 keV. This contention rests upon the
integral flux measuremente obtained with the electron multiplier
and the thin~windowed geiger tubes.
Consider the spectra displayed in Figure 9 which were obtained
during revolution 400. As noted earlier the spectral variations
that occurred during the platesu region as the satellite moved north-
ward were due to (a) the steady decline of particle flux due to
electrons of energies Ee;3,250 keV prior to the termination, as well
as (b) the rapid increase just south of the terminatlion of the low
energy electron flux. The relative depletion of the low energy
component early in the plateau is shown in the first few panels of
Figure 9. It is seen that an apparent low energy end point of these
spectra must lie somewhere between 10 and 40 keV, since it is evident
that the total flux detected by the electron multiplier is only
very slightly greater than that indicated by the thin-windowed 213's.
The steady increase of j(>10 keV) determined by EM (and also, in a
qualitative manner, by DC) indicates that the flux between 10 and
4O keV is enhanced as the satellite nears the termination point.
Spectral observations of the flux within the plateau region
observed during revolution 609 indicate a somewhat different
morphology. Iniltielly, the spectrum is relatively hard and definitely

resembles a power law function. Aas the satellite proceeds northward,
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the 10 and 4O keV integral points increase while the 100 and 250 keV
points decrease, ylelding the net effect of a softening spectrum.

The final spectral shape is definitely similar to the exponential
form for energies = 250 keV. The initial form shows no clear
indication of a turnover point, but the final panel does so indicate.
It appears likely that the differential distribution has passed
through a maximum and is declining toward lower energies, but it
cannot be stated whether or not the maximum occurs above or below

Lo kev.

It would be of interest to investigate in additional events
the spectral variation within the plateau as the satellite approaches
the termination. Revolution 47k is the only other pass included in
the present discussion that evidences a sharp termination, but be-
cause of the diminished intensity of this pass, only a few spectral
determinations may be made. The indication is that the general
pattern of the spectra between 10 and 40 xeV tends to flatten slight-
ly as the satellite moves northward. The spectra of revolution 47k
also show indication that a turnover point is likely to exist, but
again it is not conclusively between 10 and 4O keV.

An alternative method of summarizing these data is shown in
Figure 18, where the ratio of directional electron fluxes J( >40 kev)/
J(>100 keV) is plotted against the ratio j(>10 keV) / J(>L0 kev).

These two ratios were observed during the plateau regions of the
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revolutions indicated, and are taken as a measure of the relative
steepness of the spectrum between the limits specified.

The location of each point indicates the uniformity of slope
of the integral spectrum in each of the two regions 10 sEes 4o xeVv
and ltOSEes 100 keV respectively. 'The gtraight lines indlcate the
ratios to be expected if the observed spectra obeyed either a power
law or an exponential model. Numerical velues of the shape
parameters v and Eo respectively are indicated on these lines. The
points located below the power-law line are those which msy be
ldentified with spectra which definitely display an increasing
differential number~energy distribution function. Those points
which appear above this line as well as those appearing near the
exponential line represent spectra in which the slope between
L0 <E <100 keV is greater than the slope between 10<E<LO keV, i.e.,
those spectra whose differential functions do not display the rapid
increase at lower energiles which is characteristic of the power-law
forms. It will be noted that the scatter of points is large, but
that they are approximately equally distributed between the power-law
and exponential forms.

It is thus claimed that several measurements of electron
. spectra do indicate that the differential energy distribution function

characterizing the electron flux at high latitudes during intense
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events does not continue to increase toward lower energies in the
range 10_<.Ee5 4O xeV. An apparent maximum in the differential
function has been observed to lie near 40 keV on at least one
occasion. It is also considered likely that the maximum may well
lie between 10 and 40 keV in several of the spectres examined. These
results are in reasonable accord with the report of Cladis et al.
[1961], for instance, which demonstrates also that the differential
function does not continuously increase toward lower energies in the
range 50<E < 600 keV.

There are instances, however, that indicate conclusively
that this maximum must lie below 10 keV. Consider the spectral
representations of Figure 17 for revolution 994. This event displays
the steepest electron energy spectra yet observed by Injun III, and
1s associated with intense auroral and VLF activity. The spectra
presented rise very sharply between 40 and 10 keV, requiring that if
8 maximum In the differential spectrum exists, it exists below
10 keV. This observation indicates that, on this occasion, the mean
energy of electrons responsible for visible aurora is below 10 keV.
McIlwain [1960] has estimated the mean energy to be ~(10 + 5) keV.
It is of interest to recall the measurement reported by Davis et al.
[1960] which indicated, during an auroral event, j(30 eV <E <1 keV)

,{,109/cm2 sec sterad, but J(E > 8 keV) ~2 - 6 x 107/cm2 sec sterad.
e
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This report might also be taken as an instance in which differential
spectrum did not increase rapidly toward lower energies in the range
h kesteSB keV.

The preliminary estimate of the intensity of 3911LX auroral
light emitted during revolution 99% is ~20 kilorayleighs [Taylor,
private communication]. Assuming the observed directional electron
flux at the satellite is isotropically incident on the atmosphere
below, the efficiency for production of auroral light by electrons
of E, >10 keV 18 ~0.7%, in fair agreement with McIlwain's [1960]
efficiency estimate of ~ 0.2%.

The electron fluxes and spectra reported here are generally
in good agreement with the observations of others. Previously cited
reports of very low energy electron fluxes lie in the range
107 < j(Ee =10 keV) < 1010/cm2 sec sterad with a variety of values
of Eo between 4 and 22 keV. The observations reported here are in
‘the range 2 x 10° < 3(>10 kev) <10°. The values of E_ based on
SpL/SpH were found to be ~4 to ~25 keV. Values of E,or Y based
on J(>10 keV) / J(> 40 keV) vary widely because of (a) the
instances in which this ratio is ~» 1, observed during revolution 400,
and (b) the extremely steep spectrs observed during revolution 99k,
vhen E_, if applicable, would have been 3 keV, and v was ~M.

The temporal variations of the electron energy spectrum during
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an intense event in the outer zone have previously been reported to
be disordered and widely wvariable. These results are also evident
here. It may be of Interest, however, to examine the spectral
characteristices for a possible spatial dependence. One method by
which this may be done is shown in Figure 19, which presents a plot
of the ratio of directional fluxes, as defined above, as a function
of the quantity LN = L. This latter quantity might be thought of
as representing the position of the satellite (in units of L) south
of the high latitude termination, and thus within the plateau region.
It is obvious from Figure 19 that the spectral behavior within the
plateau region is equally as disordered in spatial structure as it
is in temporal structure.
The essential findings of the present investigation with

regard to the energy spectrum of electrons of energies 10 kergEe

L1 MeV are as follows. First, it is found that neither the power
law nor the exponentisl form of spectral model fits these data well.
Becond, the accuracy of either model 1is widely variable within a
single pass, and that these variations are probably neither purely
spatial nor temporal in origin. Third, these observations indicate
that the differential number-energy distribution function of electrons
does not always continue to rise toward lower energies in the range
10 < E, < 40 keV. In addition to these features regarding the

electron energy spectrum, the outer zone during these intense events



was found to evidence several structural features in common. The
first of these is the splash phenomena or pulsations evident in the
flux of electrons of Ee';;ho keV. The second of these is the platesu
feature with its sharply defined northern termination point.

The six revolutions of Injun III reported herein all present
the opportunity to measure the flux of low energy electrons within
the outer zone. These six occasions approach in number the total
number of previously reported cbservations of electrons of energy
between 10 and 40 keV within the outer zone. These observations are
also the first such observations (to the knowledge of this author)
to be reported based on the use of an electron multiplier as a low
energy electron detector. Further, the electron multiplier aboard
Injun III has demonstrated that such a detector is indeed feasible
for satellite use. Despite the sensitivity of a multiplier structure
to the effects of atmospheric contamination and the other sources
of gain degradation, no such deterioration of the multiplier per-
formance occurred prior to launch. The multiplier gain has also
been demonstrated to be stable within 10% during the lifetime (to
date) of the satellite.

A possible future application of an electron multiplier would
be in the investigation of the very low energy (100 eVSE,L50 keV)
electron fluxes within the outer zone. Such a detector, utilizing

a high gain pulse amplifier for the detection of individual particles,
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would enable one to map the intensity contours of these low energy
particles in space. Another possible application would be in an
experimental investigation of the process by which the outer zone

is populated. It is known, for example, that the loss rate of
electrons from the outer zone during times of intense precipitated
fluxes is sufficient to completely empty the outer zone within a
few hours EO'Brien, 1962a]. The source of outer zone electrons

must therefore be quite strong. Several source or acceleration
mechanisms as discussed by Kaufman [1963] imply that very low energy
electrons are of considerable importance in these processes. A
third possible application would be in the investigation of the
nature of the solar plasma clouds known to occupy interplanetary
space. These problems, as well as many others, require knowledge

of the very low energy particles that can be provided by an electron

multiplier.
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FIGURE CAPTIONS

1. Plan view of the Injun III scientific payload.

2, Assenbly drawing of the front portion of the electron
multiplier. The first dynode 1s mounted on a Kovar ring (A)
which is sealed to the glass tube. The tube structure is
potted in Silastic rubber (Q), and housed in a magnesium
housing (B). Shielding (P amiN) consists of .005" Netic
magnetic shielding and .010" leasd foil. "O" rings (D and M)
provide an air tight seal to the front end housing (J). The
collimator (E) admits particles, which must pass through the
10008 nickel foil (G). Both the collimator and the foil
holder (K) are of leaded-nickel-silver. Outgassing of the
structure is provided for by the open channels (L) around the
periphery of the foil holder. The trap door lid seals against
the "0" ring (H) to provide an airtight seal so that the
entire assembly may be contained within an inert atmosphere.

3. BSchematic diagram of the high voltage power supply and
the electrometer associated with the electron multiplier.

k. Anode current of the multiplier and the corresponding
electrometer response for particle influx simulated with a
variable intensity light source.

5. The detector response function DEM of the electron
multiplier.

6. Detailed low energy sensitivity of electron multiplier
showing effect of (a) 10008 nickel foil across the aperture
and 2500 volt retarding potential on first dynode, (b) effect
of foil alone, and (c) effect of 2500 volt retarding potential
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FIGURE CAPTIONS (continued)

alone. Curves are in arbitrary units and are not normalized
with respect to one another.

T. The angular sensitivity function fE(O). All points are
normalized to unit efficiency at 0 = 0°.

8. Counting rates of selected Injun III detectors during
revolution 400 in counts per frame (1 frame = 1/h second) as

a function of the A frame counter.

9. Sample integral electron energy spectra observed during
revolution 400. See Figure 8 for location of each sample in
data.

10. The spectral s?ape parasmeter Eo in the differential
-E/E
form N(E)dE = N e © dE as a function of the A frame

counter during revolution 400.

1l. Counting rates of selected Injun III detectors during
revolution 401.

12. Counting rates of selected Injun III detectors during
revolution 47hk. Note particularly the pulsating character
of the counting rate of 213C and 213D.

13. Counting rates of selected Injun III detectors during
revolution 609.

14. Sample integral electron energy spectra observed during
revolution 609. Note change of shape from power-law form
to exponential form at higher L wvalues.
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FIGURE CAPTIONS (continued)

15. Counting rate of selected Injun III detectors during
revolution 610. lack of data due to noise in the early
portion of this pass probably obscures plateau. Note few
avallable points show high counting rates.

16. Counting rate of selected Injun III detectors during
revolution 99%. Note correlation of auroral light output
and particle downflux measured by 213C, 213D and EM.

17. Sample spectra observed during revolution 99%. Note

rapid increase toward lower energies.

18. Relation observed between the ratios of particle flux

J(>10 keV) / §(> 10 keV)
J(>U40 kev) / 3(>100 keV)

straight lines indicate the ratlos to be expected if the

spectrs followed either a power-law or an exponential function.

during selected passes. The

Various values of the corresponding shape parameters v and E0
are indicated.

19. The ratios of Figure 18 shown as a function of satellite
position south of the high latitude termination LN.




Down in Northern Hemisphere

5 =0°
T I /i-*notometer 391k A
rf' / v /?r;o’tome:er 5577 A
Two 213 G-M's
’ et \
Pl
Junctions
8=90*
Integral
E Magnetic
Spectrometer
Ds Cas
- cintillator
Differential
- ) Magnetic
E leci.:rox} Spectrometer
Multiplier
213 G-M
8 = 130°
Scintillator s
.

Figure 1



B/ﬂuuuuau_.

Figure 2

9k



95

€ aan3tJg

"Q3dI03dS  3ISIMY3HLO SSITINN €00 SYOLIOVEVYD 1TV
'€B82ENI  VIOHOLOW S300IG 1V

SBIZIE 3NOVHJS \N

Jnm . .
o 7 g8 .
* S Lo
oss / s 2 5 - zm To 10 10
-/ 3 3T 3% =
s6zad S o g N 916N 916N
S66NZ ’ 7
100 ee
— 1= o AL O
o Yo [ o o< — =<0 e
=Tn x Rz z28 m
o = =
o _ €9 5
08-3N
39Nl “QOZ(
¥IHIONW NONLO313 [ =
A 0062- ‘A9~ Je
HOLINOW 1N388n5 38nL HA Qe
aNNOYS I 13 ge
o T
- O
QS T~ S TIRR | I |1 Ve o) b
s 1t /) * r/m ~ »
~N z <
2 2 nilxs
@ A ] 5 o
(<] w0 - - Vb <
$To 7-N r-y
o <|e
3 00! YA
AU °

08 L1 OJAVY |\




DETECTOR RESPONSE-CPS

o

103

102

107!

102

96

o
)
o

3I
N

MULTIPLIER ANODE CURRENT - AMPERES

lo‘lO

E 1 lll”l]l | HIIIIIII‘ | IIT”II' I T TUETH T 11110 1 llllté:
-~ LINEARITY OF ELECTRON :
__MULTIPLIER AND v .
= ELECTROMETER Lot S
- RESPONSE o .
N / i y
= */ E
: /A ;
N / '/ ]
= 7/ E
E O/AI‘ E
— /] ~
- | =]
= «:/ A @ELECTROMETER 3
- /b RESPONSE .
- /:/ AMULTIPLIER RESPONSE
: 4
[ ,.’. ]
B /LL v
| llllllll { LSl 1 1L | ] 111 | ! il 1 1111
10°5 1074 1073 1072 107 109 o}

RELATIVE ILLUMINATION

Figure 4



COUNTS PER SECOND PER UNIT MONOENERGETIC FLUX

107

1078

|o'"

|0-I2

INJUN IO
ELECTRON MULTIPLIER

ABSOLUTE RESPONSE
TO MONOENERGETIC

ELECTRON FLUXES

10 100
ELECTRON ENERGY- kev

Figure S



RELATIVE RESPONSE

98

ELECTRON MULTIPLIER

RELATIVE RESPONSE TO
. LOW ENERGY ELECTRONS

DES-I-TJG

0 20 30 40
ELECTRON ENERGY - KeV

Figure 6



99

SENSITIVITY OF ELECTRON MULTIPLIER

io

TO OBLIQUELY INCIDENT ELECTRONS

T 1 T T 1

)
- 1
=
o
5
ZE
w2 -
>_=’IO —
-2
S
=
2]
§2‘: KEY
102l—*-90 KEV
s
A
=
g v I5
- ¢
Ids I J l I I I DES-8-RAM
=20 -0 (o) 10 20 30 40 50

ANGLE OF INCIDENCE 6 DEGREES

Figure T



JWVH4/SINNOD Ve’
(2] N —

BWVE'!:I/S.LglﬂOO gele

! ) ° EeYe o o
RN RN MR RERERUE I,
- i,
— T 1/ -1
r = Q
- — ?‘— 1_‘ |
- e | ]
r, = |
- F‘ —13
= =3
— == i, — - <
B =/ | — m|
=] 2 o
B ] l BT
13-
::5 ! 3 %
- | 4 >3
owl
[ [ Z —j @ <t
52 B S
- 2 2 IR
= I{‘, ] Bw
@ o=
= | 1 OF
% W
n e 1 =32
i< I 5
| orr o)
3 X o
Z w %
| (&} ]
P E
— (3) < |3 4 @
fis)
0 n =
| O = © (& 2] A <
0 o « ol ~ Eu n
-« — o -
C—L_—‘_% (@]
| ) 1o
=] @
- —l-—__'r—‘ —
@IHI A T T T e e [ N WL L
5 % e % @ % ©° %
JNVYHS H3d SLNNOD acle { 03S/SINNOD ‘MINILINW NOYLIT I3
M T T INVY4/SLNNOD "HOLYTULNIOS 00

[y']
'S o)
3

o = o
Wvd4 d3d SLNNOD Jgld

o) o

1046

l0[45

|0ﬁ4

100

60




DIRECTIONAL PARTICLE FLUX, j(>E)
(PARTICLES/CM?2 SEC STER)

INTEGRAL ELECTRON ENERGY SPECTRA
OBSERVED BY INJUN III DURING

nount HITIAN 400 14

REVOLUTION 400, 14 JANUARY 1963

J,_2l3C
=-SpL

5P

\2I3A

~—SpH

FRAME 1785
L=5.25
Eo=26 KeV

2138

FRAME 1611 "<SPH
L=4.75 23 N

Eo=15 KeV

101

_/_2|3A

<L spL
izmc

~—SpH
FRAME 1855
L=575
Eo=I8 KeV
FRAME 1633
Le56
EoslBKeY 200 ’\’

10 102 o 102
ELECTRON ENERGY (KeV)

Figure 9



100

102

_VARIATION OF Eo DURING
REVOLUTION 400 14 JANUARY 1963

10

S
600 1700 1800 1900
FRAME COUNTER A

Figure 10

Eo-KEV



103

Ol

-J &2

o]}

3NVYL H3d SING

8

TIT 2In31Jg

11avy Hl¥v3 -1
u oo 06 08 oL 09 ¢S O% 12 ov 3
! | _ i _ ] _ p_ | _ ] _ _ | | “
L nvr_ pbel A 2v2l w2t ov21
€961 AHVANY, bl-3JWIL TTWSH3AINN
10F NOILNTOA3Y YH3IINNOD 3WVHd 3LITT3LVS
00PO OOSO0 0020 OO0 0000 Q066 0086  00J6 0096  00S6  0Ov6  0OE6 0026 006
it Y - T Y i _— " i ' u ! ' Y Y ,0l
| i i 1 ] f i | | I | t | | ]
/ r/\/ ]
~ =
N ¥y =
x m €12 v =
ﬁ|I||l.l.¢ \,}( N \&f\. rf‘ %f o = ot
| \ YAk ]
— \ p—
= XA SN T ool
r- % — '
= Ho
% Vi /> Ve ;2 =
" W a ez =
||l||.l/> > >./ J ool
AT _
= 000I

INVHS ¥3d SLNNOD -0 €12

INYHd H3d SINNOJ -8 €2
3NvHd H3d SINNOD -V €12




213 D COUNTS PER FRAME

213 A COUNTS PER FRAME

104

1000 =
— 2130
| Noo ot

100 = \[—Y XIV‘V \s = |ooo§
— q &
LA b

w0E L0 AT o L e — A =}{i00 &

= A j "W H ¢

|o<|> = ..'[A.J\ \[\ /\ \\/ =0 §
E “.,..- - I 'ﬂ.‘.n\ q \/ { \ [\\/\\P — «
— oo’ a3a .V .‘.\\M \ —

10 "
— & =0 3
= LV‘\N\N\ E -
— Tt 2138 1 &

[ h —{10 &
= 2

7 3

- (&)

| I | | | I \1 l { | | I | | e it I @

4300 4500 4600 4700 4800 4900 5000 5100 4

SATELLITE FRAME COUNTER-REVOLUTION 474
UNIVERSAL TIME-20 JANUARY 1963
|osl:w 09153 osl.',s 10:30 |
5.'0 e!o 7!0 8!0 9'.0 |o|.o

L - EARTH RADII

Figure 12



105

aNO0J3S Y¥3d SINNOD
H43MdILINN NOYLO313
o T o
Q o o

LA |HIIII| !

3WVYd 4¥3d SINNOD D¢€le

<t " o~ -— o

o o o o o
[

L, EARTH RADII

Ty T T mrrt v LILLAREE LA
o
_ S
: I~
14
_ | o lo
o o~
1O g
B Lo |2
» i o [(e)
(Te]
(o]
Z
~ 1881 |3
r\-'_'g
- D-—
og >
| oL &y fw
""""" R S<o "
~ D]
14 [ g
| Z0
i g S
< Qu
— O 2] abtE s Lo
10 Y ~3 ©
B Y ou
oC Z
- 9 = QuEJ"
M W ~= 4 |
I )
| o Y
w N~
Q " wo
| _.8u.l>
'——
B i dD
o | O
_ 15k <
. S~ L (D(n
wn
i s s
TR AR U WA R (TN E WLl TN 8 O_L
(=) e ° k) ° ke o
JWNVH4 843d SINNOD agie JWNVHd ¥3d SENNOD g €12
TN (TR N (Y AR |
5 % e 2
= = Figure 13

JNVYH4 d43d SLINNOD Vele



DIRECTIONAL PARTICLE FLUX, j(>E)
(PARTICLES/CM2/SEC/STER)

IIHT

L~ 46

N \EM

GUBRARRL AR AL

rru‘f"l'm_'ﬂ lll[T1‘]

INTEGRAL ELECTRON ENERGY SPECTRA
OBSERVED BY INJUN 1l DURING
REVOLUTION 609, 3! JANUARY [963

FRAME - 710l

Eg~ 32 KeV

1 lllerli LR Rt M

_J

FRAME-TII5 =
-JEM L=46
1\ Eg-20 KeV
13 A
s{%mc

rumm

ST ! FE e N T s

E SpL. == %|3LA

— T =—"Sp

- 213 D._\\\2|3A \-213p

- N E

= 2138 ~<SpH =

B ) \-<2|3 B

_ FRAME-7208 FRAME -7287 -

- Ezl5KeV E58 KeV 3

10 102 10 0% 10>

ELECTRON ENERGY (KeV)

Figure 14



3NVHd H3d SLNNOD D €lI2

(]
8 8 o _ 3
im:ur: IR AL “!0)
| - - — 10
| l H,r:‘ o —“?
| .\>—4 0
< e ;Sr/
L7 ‘\“
/:%‘ % 0
S S
D L) ®, 1
—qN
. r. [Te]
£ #, ; _
$ £ ¢
- . %\ ___8
-~ ~ 0
= | & -
Qo
./'
Lo .’.\0 (4 L." —8
a [ o [ < o 0
Q. Q - Q . z _
[\ N N [T1] o
_10
[e2]
L - [ ] ¢
(]
RO
©
<
= 3 ]
(o]
[ ] L] L] __O
~
<
| TEREN gL i TIN N | NI
S 8 e - o o
S Q h=4

GNOD3S Y¥3d SINNOD
INVY4 ¥3d SINNOD @ €12 351150 NoN 10313

}Illllll T ]IHIIII |
(o] (o]

o =

INVY3 ¥3d SINNOD V €12

1000

610

SATELLITE FRAME COUNTER-REVOLUTION

107

|
I

0906
100 110

0905

0904
L - EARTH RADII

09|03

Figure 15



213D COUNTS PER FRAME

213 A COUNTS

COUNTS PER FRAME PER FRAME

RAL LIGHT -

%0
CORRECTED FOR BACKGROUND

AU
3949

108

l

R

213D '.\"WW* o

0%

213¢C A/ } h\ . ,\;_\T

) IR HELLELBLRA
{ IR

l LR BLRAL
RN EEET

'W

o
N
213 C COUNTS PER FRAME

ht

T

Lo )]

- MAWW 1 |
_ f’r\J — A o'

T TTT

(] L Lt

1 AURORAL PHOTOMETER =

T T T

RN

{ | i [ | B
9600 9650 9700 9750 9800 985
SATELLITE FRAME COUNTER - REV 994
UNIVERSAL TIME -3 MAR. 1963
072‘I3O O72|200
7 75 5 85 S 95 1o 105 1
‘ L EARTH RADII

ELECTRON MULTIPLER
COUNTS PER SECOND

uuuuuuuuuu

Figure 16



109

It mh._‘—wwh

(A3M) A9HY3N3 NOYLD3T3

WO/S31011L4Vd)

4

00l 0 0Ol . o0l 0 . 00l

I_JLE AR LA UL T [T

- sciz \ asiz .. 8giz \

o ,/ \ . \ -
”l // ) \ i / -
o T _
= . nds - Hds —
= I - - agi2 —=
m un_wl._dwiIIVI\l (n.mb..mu_mwl MMM'H\II/WI m
L=« bt =L 2v=4 ]
—  68=1 =~ G'8=1 . p'8=1 —
-9¢.6 IWVH4 G696 JNVYH4 1896 3JWvdd —
m— 1 i _pp_ 1} I 1 L \—lh.—~ } 1 1 I x—_ 141 | 1 L 1 ____ ] 1 1 1 ____ J ) | — m

co61 HOMYW € 66 NOILNTIOA3Y ONIMNG
II NNPNI AS J3AY3S80 VHL03dS A9Y3N3 NOYLO3T3 TTVHOALINI

XN714 3701L4vd TWNOILO3dId

(431S 23S
(39!

[-+]

"o



j(Ee > 40 KeV) / j(Ee > 100 KeV)

103 |

110

IRATIO OF ELECTRON FLUXES I

OF ENERGY 2 Ee

® REV 400
o O REV 609
10 A REV 474
OREV 994
EXPONENTIAL
SPECTRA -
I5KeV 7=‘E
A
A O%o o .
30) (o] ) -»' oo
u]
o
3
102 103

j(Ee > 10 KeV) 7/ j(Ee > 40 KeV)

Figure 18



111

61 am3tTd

7-8 7-N1
G- 0] ¢ Ol 0 *3 Ol
. m
®
[ ]
.uwoo \% . 0®
&o o O. o © -— ° b
o Oo o 08 o %Oo O oooo ™ ° 00
® 0 —o-f o5 X o—# e« O 0o
o @ o)
vo < o O°%®
o A ° omo *
m
® v © M
\Y4 feYe)
H Oo~—o0
o o o
o
b.9 A3NYV S ° .
609 A3Y¥O <
00b AJ¥ e o

(A OY < @3)!

ANV
(A3 ol < @3)!

SOILVY 3JHL 40 NOSIHVAWOD

N7 7 40 NOI9TY NIHLim A oot< el

(A9 Ob < 93)!

0Ol
™
o
\Y4
I
1Ol o
A
o©
=
~
™
20l @
\4
)
o
>
=
¢ Ol



